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PUBLISHER'S PREFACE. 



This work, now offered to the puhlic, on 
the ^'Principles of Mechanism and Trans- 
mission," is taken from the work of the 
distinguished author on " Mills and Mill- 
work/' which is large and expensive, and 
contains many details of Millwork not 
entirely adapted to American practice. The 
great principles here given lie at the very 
foundation of the art of transmitting me- 
chanical power, and must prove of inesti- 
mahle value to American mill-owners, me- 
chanics, and operatives. 

In the present volume Mr. Fairbaim 
gives the results of his very successful prac- 
tice as a Millwright and Engineer, during 
a period of half a century — a period which 
has contributed more than any previous one 
to the manufacturing industry of the world. 
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And as there is probably no department of 
practical science so generally useful, or per- 
haps so little studied, as the machinery of 
transmission, the American publisher has 
great pleasure in placing within reach of 
the intelligent class for which it is intended, 
in a compact and comparatively cheap form, 
the author's rich and valuable experience 
on this important subject. 
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PRINCIPLES OP MECHANISM 



CHAPTBE I. 

•BinRAL TIBWB^LINK-WORE. — WBAPPIITG OOKKROTOBS.— 
WHEEL-WORK. — SUDIWO CONTACT. 

I. GENERAL VIEWS RELATIVE TO MACHINES. 

Definitions and Preliminary Expositions. 

1. Mechanism may be defined as the combinar 
lion of parts or pieces of a machine wherebjF 
motion is transmitted from the one to the other. 

2. When a body, or any piece of mechanism, 
moves in a straight line it is said to have a 
reUiUnear motion, and when it moves in a carved 
line it is said to have a curvilinear motion. When 
a point moves constantly in the same path, it is 
said to have a eonUnuous motion^ but if it moves 
backwards and forwards it is said to have a 
redprwxUing motitm. We may have reciprocating 
reetilinear motions as well as reciprocating curviU' 
near motions. 

If a body moves over equal spaces in equal 
intervals of time, it has a uniform motion ; but if it 
moves over unequal spaces in equal intervids of 
time^ it has a variable motion. 

a (13) 
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3. The velocity of a body is the rate at which it 
moves. In uoiform motioa the velocity is con- 
stant ; bat in variable motion the velocity con 
tinually changes. If the velocity of a body 
increase it is said to be accelerated, and if the 
velocity decrease it is said to be retarded. 

The motion of a body is siiid to be periodica 
when it undergoes the same changes in the sam 
intervals of time. 

4. In order to express the velocity of a body, 
we must have a certain number of units of space 
passed over in a certain unit of time. It ia 
customary to take a foot as the unit of space, and 
a second as the unit of time. 

lu uniform motion, the space passed over 
equal to the product of the velocity by the time 
Thus, let s be the space in feet, t the time in 
seconds, and v the velocity per second ; then 

, = »<...(!) 

which expresses the general relation of space, time, 
and velocity, in uniform motions. Any two of 
these elements being given the remaining one 
may be found ; thus we have 

t; = y-(2),and<=|...(3). 

5. If the velocity in one certain direction be 
taken as positive, them, that in the opposite or 
contrary direction will be negative. 
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6. If two wheels perform a revolution in the 
lame time, their angular velocities are equals "what- 
ever may be the dimensions of the wheels. The 
angular velocity of a revolving wheel or rod ie the 
velocity of a point at a unit distance frorn tho 
centre of motion. The wheel or rod will revolva 
uniformly when tho angular velocity ia unifornt. 
If A be the angular velocity, r the radius of tho 
■wheel or length of the rod, v the velocity at thia 
distance from the centre of motion; then 

A = " (1), and V— A r ...(2), 

7. The motion of wheek ia conveniently ex- 
pressed by the number of rotatiooa whioh they 
perform in a given titne. Thus, let n be the nura- 
bcr of revolutions performed per miiii., ttie other 
notation being the samo m in Art, 6 ; then 

V 

r substituting A for-. Seo formula {I), Art. 6, 

n = ~ and A = « « -■ ■ 

Hence the number of turiia performed ia a 
given time varies as the an^'uljir velocity. 

Tlie number of turns which two wheels respeo 
lively make in the same time is called their ayn 
ciiroTKil rotations. Let Q and q be the aynchronaJ 
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rotations of two wheels whose angular relocitiei 

are A and a, respectively ; then ^ = ^ ; that is, 

fiynohronal rotations are in the ratio of the angular 
velocities. 

Mea/mpU. — ^Let a wheel whose radios is 6 ft. 
perform 50 revolutions per miu., required 1st, the 
velocity of its oircuraferenccj and 2nd, its angular 
velocity. 

Here, by eq. (1), « = 50, and r = 6, then 
tr = X 3-1416 X 60 X 6 = 31-416 ft. per sec 

And, by eq. (4), A = ^ X 3*1416 x 50 = 6-2S« 

8. If V and v be the velocities of two parts of a 

V 

piece of mechanism, then - is the velocity ratio of 

these parts. Let s and a be the corresponding 
spaces described in the same time, then when the 
motion is uniform 

V s 

— = - == a constant^ 

that is, when the velocities are uniform, the velo- 
city ratio is constant. 

9. If the velocity ratio of the two parts remains 
constant, then however variable the velocitie* 

themselves may be, we still shall have ~ — ~ 

where S and « are the entire spaces described ii 
the same interval of time. 
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10. When a body moves with a variable motion, 
its velocity nt any instant is (leterniined bj the 
rate at which it is moving at that particular 
instant, that is, by tlie apace which it would move 
ovttr in one 3cc:ond, supposing the motion which, 
it then has to remain constant for that time. 

Variable motions may be grapliicfilly repre- 
Fig. 1. aented, by taking the 

■ abac i asa. of s c ur ve 
eqaal to tho units of 
lime, atid the ordinatea 
equal to the unitvS of 
the corresponding 
^^^^^^^^^^^^^^^ velocities. Thus let A 
be equal to the units of velocity at the com- 
mencement of the motion ; a c the units ip inter- 
val of time, c D the units in the corresponding 
velocity ; and aa on; tlien the area of the ourved 
space A B » f K wilt be equal to the space described 
in the interval of time reprcaenttid by A K. 

If the motion be uuifarm the curve B D F will 
become a straight line parallel to q x, and the 
space described in any given time will be repre- 
Hcnted by the area of a rectangle, whose length is 
eq^ual to the units of time, and breadth equal to 
the units of velocity. 

If the motion be uniformly accelerated or re- 
tartled, the curve B u P will become a straight line 
inclined to the axis q x, and the space described 
in this caae, will be represented by the area of » 

a* 
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trapezoid, whose base is equal to the units oftiniM 
and parallel sides respectively to the velocity a* 
the commenoement and end of that time. 

11. The pakts op a Machinb. — A machins 
Gonists of three important parts. 

(1.) The parts which receive the work of tho 
moving power — ^these may be called RECBIVRBS 
of work. 

(2.) The parts which perform the work to be 
done hy the machine — these may be called WORK- 
INO PARTS, or more simply, opbrators. 

(3.) Tlie ineclianism which transmits the work 
from the rwH'ivers t<> the working parts or opera- 
U>rs — tlit'se i)ieot\s of rneclumism may be called 

OOMMI'NIOATOKS OF WORK, or the TRAXSMIS3IVK 
MArillKKKV. 

Tiie form of tho nuH;hanism must always be 
detormiuiHl from the relation subsisting between 
the motions of tlw rewivers and operators. 

If tiiei\* were no of work in transmission 
(fKnu friction, etc.) the work applied to the re- 
Oeiwr would always be equal to the work done 
by tho oponitor. Thus, lei P bo the lbs. pressure 
uppUiHl to the rtwiver. and s tlie space in feet 
whioli tt nu>vt\:i over in a certain time ; P\ the lbs. 
jm'sisurv> prvKUK't\t at tlie working part, and Si the 
et^va^w iu fwt which it moves over in the sam 
imw; then. uegUvtiug the loss of work by frktioo 
w« haT« — 
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Work applied to the receivers work dona 
by the o[teratorj 

or Fxa = p, 

However, it must be borne in mind, that tlia 
ctual or useful work done by a machine is alwiiya 
a t:ert{tin fractiona] part of the work applied ; this 
fraction, determined far any particular mnt^iliine, ia 
fialled the modulus of that midline. If m be put 
for thia modnlas, then we hare from oq. (I) 

mxp>:s = PiXSi ■•■(2). 

In tmating of the motion of these parts of a 
machine it is generally most convetiient to find an 
expresaion for their proportional velocities. Thus, 
let T be the velocity of tlie receiver, and V, that 
V 

of the operator; then — ia their vdotiity ratio. 
See Art. 8. 

It muat be obsprved, that this velootty ratio is 
not at all affected by tlie acttial velooitiea of the 
parts, provided the velocity ratio of the raeehaniam 
be coiiatant for all positions. In the more ordi- 
nary pieoeg of mechanism (such as common 
toothed wheelfl, wheels moved by straps, levers 
etc.) the velocity ratio is constant, that is to say, 
it remains the sanae for all poaitiona of the 
meet an ism. 

In eq. (I) 3 rnay be taken as the velocity of thfl 
power p, eattmated ia the direction in which r 
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acta, and s, that of the reaistaace p^; then thit 
equality becomes — 

px v = p,x v,...(3), 

or, = ~ = the velocity ratio ... (4), 

Now is called the advantage gained by the 

machine, or the number of times that the resiftt- 

ance mf)ved is greater than the power applied, 
lience the advantage gained by a machine irre* 
spective of friction, etc., is equal to the velocity 
of the power divided by the velocity of the resist 
arice, or ibe velocity ratio of the power and resist* 
ance. 

This is called the principle of virtual vehcittea. 
Workmen express tliis dynamic law by saying; 
* What is gained in power is lost in speed." 

12. The dirkc'IIONaIj relation of the mption 
of the receiver and the operator admits of every 
possible variation. It may be constant or it may 
be variable. By the intervention of mechanism 
rectilinear motion may be converted into curvili- 
near motion, and conversely ; reciprocating recti- 
linear or circular motion, may be converted into 
continuous circular motion, and conversely; and 
so on to the various possible combinations of 
which the cases admit. These directional changes 
arc so im{jortnnt, in a practical point of view, that 
•ome eminent writers on mechanism have made 
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them tte basis of the classifioation of mechanism. 
But, however eligible in a practical point of view 
Buch. a ckasification may be, tbere is complexity 
in its application, wluch renders it Jess saitable 
for scientiflc purpoaes than that method of classifi- 
cation which fa based upon the nature or mode of 
action of certain elementary pieces of mechanism 
which enter, more or less, into every mechanical 
combination, 

Ehmeniary Forms of Mechanism. 

13. Tn analysing the parts of a machine we find 
motion transmitted hy jointed rods or links, by 
straps and cords, by wheels rolling on. other wheels, 
and by pieces of various forma gliding or slipping 
on other pieces. Hence we have the following 
elementary forma of mecbani.sm; 

(1.) Transmission of motion by jointed rods^ — 
Link-work. 
(2.) By strapa, cords, etc,,— Wbapping Con- 

NKCTORS. 

{3.) By wheels or curved surfaces, revolving on 
centres, rolling on each other, — Wheel-WOBK. 

(4.) By pieces of various forms, sliding or slip 
ping on each other,— Sliping-piecks, 

14, Tbe velocity ratio, aa well as the directional 
relation, in an elementary piece of mechanism may 
be either constant or varying. The number of 
oombinations of which these elementary pieces 
4dmii^ is almost unlimited. Tbe eccentric wheel 
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is a combination of sliding pieces and link-woric 
The oommon crane is a combination of wheel< 
work, link-work, and wrapping connectors ; and 

BO on to other cases. 

A train of mechanism must be supported by 
some frame work ; the train of pieces being such, 
that when the receiver is moved the other pieces 
are constrained to move in the manner determined 
by the mode of their connection. Kevolving 
pieces, such as wheels and pulleys, are so connect- 
ed with the frame that every portion of them ia 
constrained to move in a circle round the axis ; 
and sliding pieces are constrained to move in 
straight lines by guides. 

Mechanism is to a great extent a geometrical 
inquiry. The motion of one piece in a train may 
differ, both in kind and direction, from the motion 
of the next piece in the series : these changes are 
eftected by the geometrical construction of the 
pieces, as well as by their mode of connection. 
The investigation of the law of these changes con- 
stitutes one of the chief objects of the principles 
of mechanism. 
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16. Tf a bent rod or lever A c B turn upon She 
centre the velocities of the extremities A and B 
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Will be to each other in the rntio-of their dishmceg 
from the centre of motion c, that is, 



velocity A circum. cir. A Qi AC 




It is not necessary that the iirnis A c and B C 
ahoukl be iti the sanie pkne. Thus \tt c u be an 
axis round which the arms a e and b f revolve, 
then, 

velocity A perpend, dist. A from the axis 
velocity B perpend, dist. iJ from the axis 



4. 




16. Ijet A B, B D, D Ej be a series of levers turn- 
ing on the fixed centres c, Q, and it; then when 
the area. thrc>i]<^h wVu-h the extrcmitiea A and s 
are moved, Mi-e aiiuill the velociity ratio will be en 
pressed by the following equality: — 
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▼ela'A Ac B Q, tr s 

Velo. R B C, l> Q. KB 
thrtt is til sny, (A* ivHoniTy moiK) of P ^nJ P, w fa** 
hy tnkivg ifw jtrthiuel the lengths 0/ the arms /y. 
tnj totcanl P, and iHvtMng by the jBToduct a/ tftose 
lytnrf lowartl Pi. 

17. To tUnl velocity ratio of Oie rods A B at 
c D, titming on the fixed eenlres, A and D ; and 
meritd htj the link B c. 




Througt tbe centres A and P, draw the straight 
line D K A, cutting B in E ; anil from a and d let 
fall ihe perpendiculars A O and D E upon B or 
it may be upon c b proJuued. Then 

ang- velo. DC AG 
ang, velo. A b d IC ^ ' 
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that is to say, the angular velocities of Hie r^is n o 
and A B are to each other in the inverse ratio of the 
perjteitdiculars let fall from tlieir respective axes 
•»pon the iMrection cf the link. 
Similarly we also hare : 

ang. velo. DC A e 
ang. velo. a B D e ^ 

hat Ls to say, the angular velocities of the rods D 
and A B are to each other in t/ie inverse ratio of the 
segments irUo which t/ie link divides the line joining 
their axes. 

Those velocity ratios are obviously varying, 
depending upon the relative positions of the rods. 

18. The Crank and Great Beam. — Let a b 
represent one half of the great beam of a steam- 
engine, D c the crank, and b g the connecting rod. 
Putting j3 for the angle d c B, and for the angle 
ABC; then 

velo. crank sin j3, 

velo. beam sin ^ " " ^ ■'* 

When the conneeting rod b c is very long as 
compared with the length of the crank D c, thenjj, 
is nearly constant, being nearly equid to 90°, ii 
his case, eq. (1) becomes 

velo. crank 1 

velo. beam sin 3 ' "^ 

The crank must be in the same straight line 
with the connecting rod, at the highest and lowest 
3 
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points of the stroke of the beam, and then ^ = 
In these positions the crank is said to be at its 
dead points. 

The velooity ratio, expressed hj eq. (2)^ will be 
a maximum when ^ = 0, that ia, the velocity of the 
crank will be a maximum when it is in its dead 
points. When )3 = 90°, or when the crank is at 
right angles to the connecting rod, then the 
velocity of the crank is a minimum. 

If B = A B, or one-half the length of the great 
beam ; r = T) c, the length of the crank ; and A = 
the angular oscillation of the beam, or the whole 
angle described by the beam in one stroke ; then, 

r = B sin ^ ••■(3) 

which expresses the length of the crank in terms 

of the rftdiua of the beam and angle of its stroke. 

A double oscillation of the beam produces one 
complete rotation of the crank, or conversely, taking 
the crank as the driver, each rotation of the orank 
produces a double oscillation in the beam. 

From eq. (1) it follows, that the velocity of the 
crank is equal to the velocity of the beam, when 
8 = >3, or angle d c b is equal to angle A B c ; that 
is, when the position of the crank is parallel to 
that of the beam. 

By this form of the crank the reciprocating circtt- 
lor motion of the extremity of the beam is changed 
into a eoTdinuous circular motion ; and conversely 



a cttntinuom eirmlar motion is changed into a 
rccipiocaiinfj circ^ilar mntMm. 

19. To iMfTtnine ih^ various relations of position 
and veit)ci{y a/ Ihe CRANK and PiSTON" in a locomo- 
tive engiiie, ?'«!■ b- 

fTyre the cnnnocting rod, 
n K, is attaclmd tn the cx- 
Irejiiitj oi" the pistoti rodj 
I* I), and iht li'wjlh of the 
slrokt of f/if jjtflfJTi is equal 
to dauhk the hwjth of Uvs 
crankf F E. Moreover, the 
centf't;, F, of thy cnttilv is in 
cliv, saine straight line with 
the axis nf the yyliinlor or 
the direction of the piston 
roLh 

Let ^— D R, the length 
of ill*! connecting rod; 

l^r= p tiie lengtli of 
tlie piatou rot\ ; 

r = F tho length of 
the f;raiik ; 

A = F Dj the varying clis- 
t:tiice f>f the isxtrctiiiiy of 
the piston rod from the 
ajfis of the crAnk ; 

/i = the corresponding 
height of the j^tri>ke of the piston ; 

e = the varying angle, F E D, which the crank 
fiirms with the diroctioii of the connecting rod. 
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(1.) The velocity ratio of the crank and piatm in 
expressed by the fullowing equality: 

velo. crank 1 

velo. piston sill ^ ^ 

where p in eq. (2) is put for angle e F D; that is. 
the angle which the crank makes with the direc- 
tion of the piston rod. 

This latter form of the expression is the same 
as that given in eq. (2), Art. 18. 

(2.) When the piston is at tlie boUom point of 
its stroke, its distance from F = FK + ed + dp 
= r + I + h; also FD=FE + DE = r + i 

When the piston is at the middle point of its 
stroke, then f d = e d ; that is to say, in this 
position of the piston d e f will be an isosceles 
triangle. 

(3,) 77ie position of the crank at any point of the 
^roke (f the piston is determined by tJie ttoo following 
general equations : — 

k = r+l~h ...{^. 
oos« = 2-71 

When the piston is at the middle point of ita 
stroke, then h~r, and eq. (4) becomes 

cos* = 2^— (5). 
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Fig. T. 



"WTien tbe crank ih at riglit angles to tha 
connecting rod, = 90^, and then we find liom 

= r + ? — .v/j^ + l ...(6). 

This expression ia^ obviously, lesa than r, o, 
half the whole stroke of* tlie piston. Ileuce it 
appears that tlia crank is Eit right angles with tlie 
connecting r(j(l, bt'lort^ the piston has attaine*! the 
middle point of its upward, stroke. 

20. Fig, 7 show s how a rotatiun of the asia a is 
transmitted to another c, bj moans of the two 
equal cranks A B irnd G d, connected by the con- 
necting rod 11 Bj whosG lengtli is 
equal to the distance A c, between 
the two axes. In all positions 
of tiiti crank.-i, the figure A B c D 
will be a itariillelngrain, and the 
velouity of i> will alwiiya be equal 
fco the velocity of b, and the mo- 
tion oi' the axis c will be exactly 
the' same an tlint of tbc axis a. 

21. Two sots of criinks maybe 
pUced npf>n the axus, having the 
Kranks on eaeh axis at riglit an- 
cles to eaeh other, similar to the 
mode uf connecting; the wheels of 
a locomotive engine, as shown in tig. S, where 
the cranks are i'ormed by bending, or loops made 
in tlio axes These axes must be parallel to each 

3* 




so 
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other, nnil Hia coxinecling rocla must alao be of 
equAl iengths. 

The advantage of this coinbinatioii cotiBists in 
mainlaining acnnntant moving pressure, by which 
means aa equable motion ifi snauined without the 
aid of the iiierti^B of the machinery. 



rig. >i. rif. «. 




22. The double universal joint, represented in 
flg. 9, furnishes another example of link-wtirk, 
Tor transmitting motion from one axis to another 
axis. This useful piece of mecliani«m should be 
constructed, so tliat the extreme axes, A B and c D 
would meet in a point, if proiluced, and the angles 
whicVi they reHpectivel3f innkc with the central 
line of the intermediate piece, e F H Q, shnll ba 
equal to each other. 
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To COS'STRUCT WATT's PARAI.I.KTj MOTION. 

2B. Tilis benuLifu! n.ii<l useAil piece of ineukaii 
iam is forineil by a t^ornbintitinn of link-work. 

Let A B anil c n (see figa. 10 and 11) be two 
rods, turning on the fixed centres A aud D, and 
connected tnj^etber by nj. ii. 

the abort link n B; 
iben wlien inntion is 
given to tlii^ rods, 
tliere is a certain 
point, K. ill tlie link 
C B, which will move, 
or very nearly move, in a atriiiglit line. In mat- 
ter of fticC the patfi, or lacu^, of this poiut ia a 
curve of tlie fourth decree; but when the motirjn 
of the rot]a is limited, Mud their ]eri<riha are eon 
siderable, as compared with the lengtb of iheir 
connecting link, this path becomes almost exactly 
A straight Line, 
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fn fig. 11, c B K R is a parallel frame of linkH, 
U> the joint R is attached the pintiin rod k p of th« 
Btoam engine; and to the point V is attached the 

piHton rmi of the air-pump. 

(1.) To Jintl t/ie. point K (see fig. 10) to tohieh &e 
atr-pnmj} rml muat be aiiaehed, having given thf 
radius rod c i>, Oie link c » or q g, and the rod A B 
WAG forming a part of Uie great beam. 

liCt I) (j, A G be an extreme position of the rods. 
Li^ tin; rods l>e moved to the pOBition A B o 
wliero tlie link C B is perpendicular to A B and 
1) o. IVimIucc li c, meutiug the link q g in the 
point K ; iIhmi k will he that (wint of the link which 
will imiMt ntiiirly move in a vertical straight line. 
The ratio of y K to g k is generally expressed by 
tliu fullowiny cfjuiility: — 



a 




where R = a B,r = DO, a = angle CD q, and A = 
angle bag. 

Practiciilly tlie link Q G or c B deviates very 
little from the vertical; and tlie angles a and A are 
a A 

small ; hence, r sin 2 ~ ^^'^ 2 ^^^^ nearly ; ij» 
this case, therefore, eq. (1) simply becomes 
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and firom this equality we readily find, 
D Q X G Q 

which gives the position of the point B, as re- 
quired. 

G Q 

When D Q = A a, then o e = , that is to say, 

in this case, the point K is at the middle of the 
liTik Q G or n. 

Waxanple. — Let ABorAG = 5ft.; DCorDQ = 
4 ft.; and B or G Q = 1*6 ft.; then by eq. (3) we 
have, 

4x 1-5 2 ^ 

(2.) To find t/ie length of the radim rod D c (see 
fig. 11), wlien tlie divisions A B and K,ontke beam 
are given. 

In this case, 

A b' 

The radius rod, d = • •• (4). 

B K 

When A B = B K ; then d c = a B ; that is, in 
this case, the radius rod will be equal to the divi- 
sion A B on the beam. 

Mmmple. — Let A B = 6 ft., and b k = 4 ft. ; then 
by eq. (4) we have, 

6' 

The radius rod, D c = -r- = 9 ft. 
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To multiply OsciUcUians hff vifonx of LhJt-work. 

24. Fig. 12 represents a system of linlsa B a c, 
c u, aiul D K, turning on the fixefl centres A and B» 
and having llie nrrns a b and A c utiited to tbo 
aarue ceatre a, TSe coiistrac-'tion is sucli, that 

while the nid a B 
makes aaiVii;fcoa- 
cillatiuu rpDin B 
to I, the rud (c m 
will mixV'6a.<hnhU. 
o3cili,iLi<tn, vi/,., 
iVuni 1) tu r. an'l 
l):Lck troni ¥ lu n. 
Tiie uiiciilatitiua 
of A B are pro- 
diico'l by tho ro- 
tation of zi crank 
{^M'i Art. 17). tjf 
by any u t li d r 

Thei^unditions 
of the conatriiQ. 
tioii may bi3 stat- 
ed U.S folluvvs : 

Given the 
lengths of the 
arrna A c and k k, the lengths or angles of their 
oacilhitions, and the length of the oondeeting link 
fi, to oonstruct tlie mcuhaniam, so that ths rud 
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B D sball perform two oscillations wliilst A B 
makes one. 

Let B A be the position of the bent lever at 

the Gommcncement of the upward oscillation 
Draw A I and A h, making the angles B A I and 
A H each equal to the angle of the oscillation 
From A as a centre, with a b and A c as radii, de- 
scribe the arcs B i and c H. Through A draw A 
o F bisecting the angle c A h cutting the arc c h 
in a. On A a F take A F equal to the sum of tlic 
rods A c and c D, and make F D equal to the given 
length of the oscillation of B D. From D and F 
as centres, with a radius equal to the length of the 
rod E D, describe circles, cutting each other in E ; 
then E will be the centre of the rod e d, which 
will perform two oscillations, whilst the rod a b 
makes one. 

When a b and a c are in the middle points of 
their oscillations, the rod E D will have the posi- 
tion B F, that is, it will have performed a complete 
upward oscillation. When a b and a c have per- 
formed the remaining halves of their oscillations, 
the rod B F will have returned to the original po- 
sition, that is, it will have performed a completf 
downward oscillation. 

In like manner the oscillations may be fui thei 
multiplied^ by connecting B l> with another series 
of links. 
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Tn produce a Velocity which shall he mpidly 
relardcd, by inmns of Link-ivork, 
25. In flg. 13, H A c and K tt represent two rods, 
turning on fixed centres A und E, and connected 
by a link c d; the rod K D is gupposcd to nacil- 
l:it« ijjiiforirily hetween tlie jiositiona E I) and K F. 
Now the coh-struutioi] is aauh as to produce a 
rapidly retarJe<l motion uf tlie rtid b m moving 



Fig. 13, 



from the position r A c to the position s A B, and 
conversely. 

The conditiuna of the construotion may be 
stated Ely fullowa : 
Giveti the roda E D and d in poaition and mag- 
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Ditude, the angle of oscillation d E F, and the 
length of the rod A c, to construct the raechaniam. 

Bisect the arc D F la o, and then bisect the arc 
F o in K ; through the points E and draw the 
straight line K E c ; from D and K as centres, with 
a radius equal to the length of the link d c, de* 
scribe arcs, catting K B c in the points C and b ; 
from B and c as centres, with a radius equal to the 
length of the rod A o, describe arcs cutting each 
other in the point A ; then A will be the centre of 
the rod a c. 

When the rod B D arives at the position E G, the 
rod B A will have the position sab very nearly, 
and it will have moved with a rapidly retarded 
motion. Daring the remaining half of the oscil- 
lation o F, the rod S A B will remain, virtually, 
e^tionary. 

This piece of mechanism was first employed by 
Watt for opening the valves of the steam engine. 

To produce a HeciproccUing Intermittent Motion by 
means of Link-work. 

26. A B and c D (fig. 14.) are two rods, turning 
on the fixed centres A and D, and connected by a 
link b 0. The rod A B is made to oscillate between 
the positions A b and A I, by means of a crank 
and connecting rod. The construction of the 
mechanism is such, that the rod d c will oscillate 
between the positions d c and J) K, but with an 
intermittent motion. 
4 
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Tbo conditions of the couatruction may ii- 
statcH as follows : 

Given the rmJa A B C, and c D in position and 
magaitude, to construct the meutjunism. 




From A JLS a ceiitre, with the radius A B, do" 
scribe the arc Bi; throiigli c and A draw the 
ptiaiglit line cab, meeting the arc in g ; make 
G E equal to one third the arc fi B, and on the arc 
take G I equal to G E ; on the line G A c take q f 
equal to B c ; then half the chord B i will give the 
length of the trank^ and F will be the ara 
through which the rod D oacillatea. 

Biseoting the anglo b a e, &c., the position of 
the rod i>' c' is found, which being connected with 
u, bj the link B c', will oscillate exactly in a con- 



trary manner to that of the rod D 0, that ia to say, 
when D c is stationary d' c' will be in motion, and 
conversely. 

When the point B arrives at B, the rod D will 
have completed, practically, its oscillation, and 
there it will remain stationary until the rcwl, turn- 
ing on the centre a, returns from the- position a I 

to A S. 

I7ie Eakkd-whecl and Detent. 

27. In fig. 15, A rcpre.sent^i the ratchet-wheel, 
anil If the detent^ fUlling into the angular teeth of 
the ffltcliet, thereby admitting the 
wheel to revolve in the direction 
of the arrow, but at the same time 
preventing it from revolving in 
the opposite direction. 

In certain kinds of machinery, 
the action of the moving force un- 
dergoes periodia intermissions; in 
such uiises the ratchet and detent are used to pre- 
vent the recoil of the wheels, and sometimes to 
give an intermittent motion to the wlieelj as in 
the following example. 

Tnlfrmittent Motion profinced by Linkujork connoted 
lOith a Hatcftet-wheeL 

28. B B is a rod, turning on the fixed centre B. 
to which a reciprocating motion, is given by the 
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connecting rod c of r crank, or l>y any otliei 
means; K r is a click, jointed to the rml h k at itd 
n*. 14. extremity, and gives mi> 

lion Ui the ratchet-wheel 
A. Ateauh upwftrdstroke 
of the rod B E, the click 
I V, acting upon the saw- 
like tcctli of the ratchet- 
wheel, eause-a it to move 
round one or more teeth , and when tho extremity 
V of the click is drawn hat^k hy the descent of the 
lever B E. it will slide over the bevelled sided of 
tlie teeth without giving any motion to the wHeol, 
so that at every upwiinl stroke of tho tlmI c the 
rat<:het-w}jeel will be moved ruuud and il will re- 
inaiu ;it rest during "Vury downwjinl stroke of the 
rod. Thus the reeiprociitiuj!; inotiun of the con- 
ueutiiig rud, c, will produce iin intermittent circular 
motion ib the axi^ a. 



m, ON WRAPPING CONNECTORS. 

29. When the moving force of the maebinoTj ia 
not very great, cords, belts, and other wrap] ing 
sonneetors, are moat usually employed in tranaf iit- 
ting motion from one revolving asia to another, 

30. The endkas cord or bt'ft a b c d, represen 

in figs. 17 and 18, passes round the wheels, / B 
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anil c Tt, revolving on the piirallel axes ti K ami 
Q F, and tTansinits motion from tlie axis. Q F to t-lie 
axis R K, with a constant velocity ratio. In all 
such cases tlie motion is entirely maintainetl by the 
friutional adhesion of the cord or belt to the sur- 
face of the wheel, 

ng. TI. ¥lg. IB, 




When the cord passing round the wheela U 
'iireei^ as in fig. 17, the motions of the wheels take 
place in the same direclioji, and when the corda 
fifoaa eitch otlier, as in fis^. IS, the motions of the 
wheels take pliice in opjiasttti dirfctinm. 

If the wheel a D makes one revolution, then. 



No. revo. A B = 



eircum. C D raJiua c r 



circiim. A B raUiua A B 



in 



Or putting R and r fur the radii of the wheels 
4* 
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C D and A H respeotively, ajul g imd for their 
Bpeiitive sjjicliroiiai rotations, tlieu 

Example. — Tf the radius of the wheel D be 
mchea, and that of A B 9 incliea, what will be t 
least number of entile revolutions whicJ:! the 
must make m the sauje time? 

Here, by eq. (S), wh have 



Q 
12 



12 
9 



The fraction reduced to iU least terras, is > 

therefore the least number of synchromil rotations 
are 4 and 3, that is to say, whilst the wheel a p 
makes 3 rotations, the wheel a b will make 4. | 
31. Fig;. 19 represents a syatem of throe revolr- 
ing axe3,in w)iicli motion is transmitted from one to 
fig, ifl. the other, by means 

of a series of belts. 
The belt being 
direct io the wheels 
A and D c, t h a i r 
axes will move in 
the same direction, bnt as the belt crosses in paaa 
ing from D a to H G, their axes will move in oppo 
aite directiona. 











■ 


■ 











4ft 



Here, wbilst the axis B makes one rotaLlon, tlid 
rad, H Gxrad, d c 



No. rotations a = 



rad. E FX rad. i K 



(1). 



Or putting B, = Tad n c, Ra — rad. h q, &g., 
r, = rad. I K, = rad. K F, &c., and putting g and Q 
for the ajiichronal rotations of the first and \mt 
axes respectively; then 



q RiX R,X R, X &.G. 
Q r, X X r, X ic. 



{2). 



Example. — In the mechaniain rtpresented in 
Sg. 19, let B, = 8, Bj = 15, n = 5, r, = 4 ; required 
tlie least number of entire rotationa performed in 
the s:ime time by tht; axes A aad B. 

Here, by eq. (2) we have, 



8x 16 

5x 4 



that is, whilst the axis B makes one revolution, 
the axia A will make six. 

32. In raising buckets from deep wells or from 
pita, a continuous cord coils round an axle or a 
drum wheel, as the case may be, the full bucket 
Iming attuehed to one end of the cord and the 
empty bucket to the other end ; the rotation of the 
axle eoilfl up the cord to which the full bucket is. 
attached and at the same time uncoils the cord to 
which the empty one ia attached, ao that whilst 
the former Is ascending the latter ia deacendtng. 
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the ratio of the synchronal rotations of each pair. 
Or, generally, if n be the number of pairSi then 



values of In this case, let Di, D. D« =tlie 

diameters of the 1st, 2d, ...» and wth pulleys, re- 
spectively, on the driving axis ; and these symbols, 
taken in a reverse order, will be the correspond- 
ing diameters of the pulleys on the driven axis ; 

s s 
then Di = ^ .Di= ^ and so on: 

moreover we have Vh~s — D„ D„_j = s — D|, and 

so on. 

Matmph. — To find the diameters of a set of 5 

pairs of speed pulleys, so that values of — (the 

ratio of the synchronal rotations of the different 
pairs) shall have the common ratio of §, the con- 
stant sum of the diameters of each pair being 20 
inches. 

Herer = }, n=:6, and S = 26, then from the 
foregoing formulas we find, 




will be the dififereat 



26 



26 



= 18; D.== 



15!; 



26 



!+(*)" 



5"= IS ; and so on. 
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But the remaining diameter? will be better 
found as follows: 

D.=26— 18 = 8; D.=26 — 15i = 10|. 

35. Two plain conea, having their axes paralle], 
as shown in fig. 21, will obviously aiaawer llia 
sartie purpose as the ordi- 
nary furrxi of speed pulleja. 
The slant fiicea of the oonea 
may be formed bj any con- 
tinuous curve; but withthia 
condition— that the sunt of 
the diameters at evory po- 
Hitioii of the band shall be 
a constant. 

Guids Pulleys. 

36. By the intervention of fjiiide pulhya the di- 
rection of corda may be changed into any other 
direction. Tiius, by means of fi^. aa. 

the guide pulleys B and c, the 
motion of ike cord in ibe di^ 
rection c d is changed into the 
direction A B. 

Tbe corda I) and B 
should be in the plane of the 
pulley c ; and the cords O B 
and B A should be in the plane of the pulley B. 

37. Two guide pulleys, k and H, may be em- 
ployed to transmit motion from the wheel A to 
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the wlieel B> when the axea of these wheels have 
my given direction. 

Let K H 1>e the line 
where tlie plftnes, 
paasin'T through the 
two wheels, intersect 
each other. In this 
line assume any two 
convenient points B 
and H ; in the plane 
of tlie wheel A draw 
the tangents e c and 
H O; and in the plane 
of the wheel B draw 
the tangents E F and 
H r. ; then q e f g h p 
will be the patli of the endless cord, which will be 
kept iti tliis pjLtli by a guide pulley at E, in the 
plane uf c t: aud another guide pulley at H, in 
the plane of n n o, ' 

Tiie relative vehicities of the axes A and B de- 
pend entirely upon tlie vatio of the radii^ A D aad 
B G, of the two wheels. See Art. 30. 
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Ta prewnt Wrapping Connectors from SUppmg. 

S8. The slip of the band on the wheelj when it 
is not excessive, is in many cases rather an ad van 
tage than otherwise; but when motioti is to he 
transmitted from one wheel to another according 
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to some given exact ratio, (/earing ehat'm of varicjua 
fornis are cmploycil as the wrapping connectors. 

39. In some casoa the linlcg of the gearing chain 
lay hold of pina or teeth formed upon tlie wheel, 
IS shown in fig. 25. In other cases, the links of 
hft gearing are joined together, something like a 



Fie. 34. FW-IV 




watoh cbainj and oarry teeth which paaa into cer- 
taiD notches made at corresponding distances on 
the edge of the wheel, as shown in fig. 24. 
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40. When a belt moves a conicnl wheel, italway 
happens that tiie belt gradually nnoves toward th^ 
broad end of the wheel; thig is owing to the belt 
6 



iO pRnrcTFTjRs or xechakism. 

boing more atrotohed on that side than it v tm 
the otlier. 

41. This property anablos us to construct a 
wheuL do that a belt shall not shifl on its ed^ ; 
this ia simply eftected by mating the edge to 
swell a liLtlt; in the miildle, as shown in fig. 27. 

42, When two rollers have to make only a 
limitod number of rbvolutioiis in each direction, 

ri,. 38. llie slip of the oonj may 

be prevented by having 
a cord coiled round each 
end uf tlie rollers in op- 
po»ite directions, so that 
wliile one cord is coiled 
on one extreiuity of the 
roller, the other cord is uncoiled from the oihej 
3xtremity, as shown in fig. 28. 

Pijr.««. 





4r3. Byaaimllar arrangement of cords on the 
cylinder E P (see fig. 29), a reciprocating motion 



of this Gylioder will produce a back aol forwiud 
motion of the carriage a b. 

Systems of Pulkya. 

44. A sjatem of pulley^a muat at least contain 
OTie movable pulley. When a wheel, fortning si 
part of a system of wheels connected together by 
r-ords, has a progressive motion^ it materially 
afTecta the velocity ratio of the receiver and the 
operator of the mechanisin. There are a great 
many different systems of pulleys, but they all de* 
pead upon the diftereiit coinbinatioos of movable 
and fixed pulleys, iitid thediffereut modes of redu- 
plieatiou of a oord, 

45. In thia system of pulleys 
there is one movable block and a 
eingle continuous cord with thrctj 
duphcationa, so that whilst the 
moving force f acts by one cord, 
the movable block with its losid 
is suspended by six cards ; if w 
aflci?pd one foot^ each of these cords 
will be shortened one foot, and 
therefore the cord p will be length- 
ened six feet ; that is to say, the 
velouitj of p will be six times that of w, 

46. In the system of pulleys rLpre^nted \\\ fig 
31, there are two distinct cords and two movable 
pulleys, A and making two duplications of cord; 




then if b asoein3 one (not, a must ascernl two feet, 
and the cord at p luust be lengthened four feet; 
that is, the velocity of P will be four times tlie 
velocity of w. 

(Generally, if there are n moveable palleys iu 
flucii a aysteui, then, 

velo. P = 2" X velo. w. 



fit. 31. rij|. SI FJr. 3.3. 




47. The gyatem of pulleys reprcsKnted in fig. 32, 
oont;iina two movable pulleys, one fixed pulley, 
and two single corJa. In tlus CfiBt; the veloi^ity 
ratio of F to iff ia as fonr to one. 

48. Fig. 'd$ representa a similar gyBtem of pul 
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leja, an whicli the velocity ratio of P to w is aa 
five to one. 

In all theae systems of pulleys the velocity ratios 
are constant. 

49. In tlie compound wheel and asle, repre 
sented in fig. 34, the axle is made of diflferent 
lliicknessea, aa at A and vik. sl 

a, and acontinunusoord 
coils round tht^e parts 
in different directions^ 
and passes round the 
wheel of the movable 
pulley In one revo- 
lution of the wheel c p, 
the space moved over by the pulley D is equal to 
lialf the difterenee of the ciroumferent?es of the 
axles A and b. Putting Ri for the ratliua of the 
wheel c p, B for the Hiding of the axle A, and r for 
the radiua of the axle B; then we have for the 
velocity ratio 

velo. p 2 Ri 
velo. w K — r 

lfEi=10, a^4, r = 3|; then 

velo. P 2x10 

— ; = A h-T = 80. 

velo. w 4 — 3 J 




This piece of mechanism belongs to a class which 
produces what has been called differential notiane, 
5* 
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their object l>ein{T to hitmIuco a slt.tw arul i^etinita 
motiou in a, hoily by tin: lun-ft t^iinple anil practi 



/A 



TO Faoni7CK A VAftyiN'O VKLOCITT BATIO By 
MKANS or WIlAmNn CONNECTORS. 

60. Tn fin<] tlic ratio i*f the iinv;u1:tr velocities 
of two pccenlrin wlieels, rncwi'^l by ft c!ord wrap 
|iing ovur c:ich. 

Let D be a cord wrapping round the wheels, 
HtM, wlsnsft .iX'*s, at' motion are 

A n.iiil M ; ibn'ir tiiio c li wilt 
be a laii^LMit lo Itie two 
curves rnriniiig the edges 
of tlie wlieels. On D c 
proilucw] let lall the per- 
pendiculars AQ aud B e; 
then the velocity of the 
conl, in tht.'^ position of the 
wheels, will be equal to Iho 
velocity of the point q, and at the same time it will 
also b© cquiil to the vuloiiity ol' tlio point E : henc* 
we And, 

angukr vclncity AC B k l 

angular velocity B D A Q 

tliut 13 to my, tliH angular vebviliea are inversehj aa 
ih« perpendiculars hi fall upon the cord from ike aax, 
af malion. 



51. Let B be a inoviible pulley suspended from 
ljtecf>niinnoii,iCord p a fc, ^'s " 

pfisdiiig Qver a fixed pulley 
A, and attachei] to a point 
C in the same horizontal 
line with A. Let Htll B l> 
perpendicular to A c ; tben 
B c will always be t-qual to 
B A, and B will move in a vertical linu B i). 
we find, 

velocity p . n ii 




= U X 



... in 



velocity W B A 

Tliia expression may be put in the following 
trigonometrical furm : 

velocity p ^ „^ 

^ 2 X C03 p A B ... (2). 

velocity w ^ ' 

62. Fig. 37 represents a simple and ingen!ou& 
contrivance for communicating a varying velocity 
to the a.xia B, by means Fij.aj, 
of an endless biitul Q K c, 
passing over fin eccen- 
tric wheel A, a pulley 
B X. and a stretching 
fiiiUcy c. Tlio tmrve of 
the eccetjtric wheel A, 
must be such as to pro- 
duce *.he varying velo- 
city required. The 
weight w, attached to the stretcbing pulley o, keepi^ 
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the band constantly stretched, so that whatever 
may be the velocity of the cord upon leaving the 
eccentric wheel, it communicates the same Telocity 
to the circumference of the pulley B E. From the 
axis A let fall a q perpendicular to the cord Q E * 
Lhen by eq. (1), Art. 50, the velocity ratio may 
De expressed as follows : 

ang. velo. axis a be 
ang. velo. axis B a Q 
Let the axis a revolve uniformly, and let the 
radius B K of the pulley be given ; then 

The ang. veh. axis B will vary as the p&^jaend A Q. 



IT. ON WHEEL-WORK PRODUCING MOTION BY 
BOLLINU CONTACT WHEN THE AXES OF MOTION 
ARB PAKALLSL. 

63. Two wheels, E and f, in contact with each 
Bg. M. Other, revolve on the par- 




allel axes A B and o D; 
now if the wheels are in 

contact in any one posi- 
tion, they will also be in 
contact in every other po- 
sition, and their circum- 
ferences will roll upon 



each other, so that if the 
driver f revolve on its axis o Vt, it will communi- 



cata a rotatory motion to thy follower e in a con- 
trary direction, by the frictional adhesion of the 
[larts suGceysively brought in tiontact. The eagei^ 
of these wlioela must hiive the same velocity, and 
therefore their anguhir velouitics will be inverstJy 
as their radii. 

In order to render the transfer of motion 
perfectly exact, the edges of the wheels are formed 
into teeth, placed at equal 
distances from each other, 
BO that when one wlieel is 
turned, its teeth success- 
ively enter into the s^paces 
formed on the edge of the 
other wheel. Thu.s, even 
with slight errors of con- 
struction, one wheel can 
not escape from the ather, 
which may happen iu the 
case of simple rollers. 

The numbers of teeth in the wheels, acting upon 
each in thia manner, are in proportion to their 
radii. Thus, let the radius of the wheel a be 15 
inchesj that of B 6 inches, and let B oontftin 8 
terlh; then 

16 

No. teeth in A = 8 x -5- = 20. 




Or, gfiiierally, if R and r be put for the radii of tne 
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wlioels, and N and n the number of their teeth 
respecUrely ; then 

!! = 5 ... (1). 

Ilence angular velocities, as well as the syncfaronal 

rotations, of wheels, may be expressed in terms of 
their numbers of teeth ; thus we hare — 

ang. vejo^A ^ ^ ... 
ang. velo. B n " ^ ^ 

synohronal rotation * Q »* 

' synohronal rotation b' q N "' ^ 

Mcample. — Required the least number of teeth 
in the wheels A and B, so that B shall make 105 
revolutions per min. and A only 40. 

Herebyeq.(3),? = ^^ = i-; 

that is, B will contain 8 teeth and A 21 teeth. 

The form which must be given to the teeth 
of wheels, so as to maintain a perfect rolling 
contact, will be explained in another part of this 
work. 

65. If the wheel a be the driver then B will 
be called the foU&wer. Wheels acting in this 
manner are sometimes called spur-wheels. Small 
toothed wheels are called pinions ; thus B may be 
called a pinion in relation to A. 

66. Toothed wheels are said to be in gear when 
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their teeth are engagwl together^ and they ine &ai'l 
to be out of fftar when they are separ;Ued. 

57. Ill the train of whetila rt^pre-so^iLcJ in fig. 40, 




lot T^i, TV,j pfi, he the number of teeth in the 
drivinfj wiieek, and Wi, Ui, tij, &c., the number lu 
the driven wheels ; Q, = the no. of rotations uf the 
iirst axis, Qj = the no. of the second axia, and ao 
on, performed in the same time ; then 

This equality may be express©! in h^nguage aa 
follows: — 77ie ratio of Iks sync.hro7ial mlailom ty' the 
last and first axes, is equal ttt Ihc conlinu&l protlmt 
of the wimher of tetih in the driviny wheels divided 
hy the cotUttmed product of the numhcr of ittth in. Ihs 
dnvtn wheels. 
Similarly we have, 

which may be expressed in language as fallows : — 
Tiie mtw of the synchronal rot^hn of the jirst and 
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kut axes, is equal to Vie product of the separate syn- 
tknmal ratios of Ute successive pairs of axes. 

The number of axes in this combination ia 
always one more than the number of pairs of 
wheels. 

It is evident, from eq. (1), that the drivers and 

followers may be placed in any order in a train 
of wheel-work without changing the velocity 
ratios of the first and last axes. 

Example. — Let the number of pairs of drivers 
and followers be 3, that is, let 7n = S, Ni=16, 
N, = 15, N, = 14, «i = 7, »»j = 6, n, = 5 ; required 
the least number of synchronal rotations of the 
first and last axes in the train of wheels. 

Here by eq. (1) we have— 

04 _ Iti X 15 X U _ 16 
Qi ~ 7' X 6 X 5 ~1 ' 

that is, whilst the first axis makes one revolution, 
the last will make sixteen. 

58. If the number of teeth in a driving wheel 
be some exact multiple of the number of teeth in 
the follower, then the same teeth will come into 
contact in every revolution of the driver. Thus 
if the driver contains 30 teeth and the follower ti, 
then the same teeth will come into contact at 
every revolution of the driver. This arrangement 
of teeth is preferred by the clock and watch maker ; 
but the millwright would add one tooth, called the 
HuNTiNa Cog, to the large wheel, that is, h« 
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would Lavo 3t teeth in the driver and 6 in the 
foUower, because 31 and G, being prime tu each 
athefj and at the same time nearly in the same 
ratio as 30 and the same pair of teeth would not 
corne again into contact until the large wheel had 
made Q revolutions, and the small one 31, 

59. Eq. (3), Art 54, enables ua readily to find 
the number of revolutions which the wheels must 
make in order that the same teeth may come agiiin 
into contact with each other ; for iE is only neecB- 

w 

snry to reduce the fraction ^ to its least terms, 

and tbenumerd.tor of this reduced fraction will give 
the number of revolutions of the driving wheel 
as required. Thus, let u = 144^ and n = 54 

then - =^—=5 } that is, the driver must make3 
q 144 o 

complete revolutions, or the follower 8, before the 
same teeth caa again come into contact. 

60. In a combination of wheels, whose motions 

are expreased by the equality ^ = ^' ' an in- 
definite number of values may be assigned to the 
numbers of teeth, which shall produce a given syn- 
chronal ratio of the first and last axes; but if n, 
and n, be given, and N, and Nj be comprised within 
certain given limits; then a limited number of 
values may be found for >r» and N,. 

Thus, for example, let -» = 60, n, = n, = 8, and 
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the values of Vi and N, uot to exceed 100 nor to 
tw less than 40. 
Here we bave — 

.-. x,.x,= 60 X 64; 

hence, n, niay be 60 and N, la&y be 64; but in 
order to determine all the combinations, we must 

put the product, 60 x 64, into prime factors, and 
then distribute these factors into different groups 
answering to the limiting values of N, and N,. 
Here, 60 x 64 = 2' x 3 x 5 ; hence we have 
Ist combination, (2* X 3) X (2* X 5) = 48 X 80 
2d combination, (2' x 3) X (2' x 6)= 96 X 40 
8d combination, 2* X (2' x 3 X 5) = 64 x 60. 
61. When all the drivers contain the same 
iiumber of teeth, and also the followers, then eq. 
(1), Art. 57, becomes 

By means of this formula we may readily de* 
termine the least number of axes requisite for 
producing a given synchronal ratio of rotation 
between the first and last axes, when the number 
of teeth in the drivers cannot exceed Ni and the 
number in the followers cannot be less than %. 

Find m, in eq. (1), equal to the highest whole 
number, which does not make the right member 
fj^reater than the left ; then the least number nf 



axes will be wj + 2. But if m, a whole numl^er, 
can be found so aa to make the nght hand 
member exactly equal to the left, then, in this case, 
the least number of axes will be m + 1, 

£xft?n^&.— Beqnired the least number of axts 
in a train of wheels which s^iall c-inse the last axis 
to revolve 180 times as fast as the first axis, 
jillowing that none of the drivers can contain more 
than 54 teeth, and none of the followera luss 
than 9. 

Here, we must find the greatest whole number 

— 1 or (6)" fihall not exceed 180. 

This value of m is obviously 2 ; and the least 
number of axes will be 4. 



Idle Wheh. 

62. The wheel C placed between two other 
wheels, A and E, docs not aflect 
the veloci ty rat i o of t h ese 
wheels ; and hence the wheel c 
is called an idle wheel. This 
intermediate wheel, however, 
causes the wheels A and B to 
revolve in tlm sam^ direction, 
whereas if a and b were in contact they would 
revolve in apposite dir&:tiotis. 
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Annuhu- W/teeln, 




63. Fig. 42 repre^nls an annular wheel a, hav 
iiig iu teeih cut on the iiiterniti 
wiguof thuannulue or rim. Tho 
tootlietl wljecl revolving with- 
in ihe ai]Tmlar wheel X, causei? 
it to rcvi^lve in tho .tame direc- 
ti(m; whereas two ordinarj spur 
wheels revolve in opposite diree- 

Commlric Wfieeb, 
61. When two separate wheels revolve about 
the some cetiire of motion, 
they are called coTiceiitric 
wheels. The pinioii D is 
fixed to the axis f b, whilst 
the concentric wheel G is 
hxBil to a tube or cannon, 
which revolves freely upon 
the axis ¥ fi. The driving 
wheels, A and b, fixed tu tho 
parallel axla H G, communicate the relative velo 
cities to the axis P E and to the cannon N. 
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Wheel work when Ifte a^es are not parallel to each 
other. 

6o. When the a.xe8of two wheels are not paral 
lei to each other, motion is generally communi 
oated from the owe to the other by h^l wheeh or 
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jtve? f^eaj". When the axes nre perpendicular tu 
tach other, the face wheel and lantern, anil the crown 
ijJieel are frequently employed. 

Face Wheel and Lantern. 

66, In fig. 44, F represents a face wheel, with its 
famm L. Here 
Tiotion ia trans- 
mitted frum tlie 
vertical :ixia A B 
lo the liorizontal 
^xia AC, The 
teeth F on the face 
nf the face wheel 
4re called cogs, 
which aril usuiilly 
made of iron, whilst the round stares forming the 
teeth of the lantern, L, are nnide of hard wood. 
T)ie axes A B anil c ]> abould, when produced, in- 
tersect ia A point. 

Orovm Wheels. 

67. Fig. 45 repreaenta . 
a croicni wheel B, Willi its 
pinioii A, having th&ir 
axes at right angles tn 
eaeii oilier. The teeth 
(tf the crown wheel are 
out on the ed^e of a Itoop, 
the plane of which is at 

«• 
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right angles to its axis, and the pinion in tUdcM 
than wheels are commonly made. 

Cask I. To construct Bevel Wheels or Bevel Qear 
tofien i/ie axes are in i/ie same plane. 

68. Let A c and a B be two axes of rotation, i.> 

the same plane, and cutting 
each other in the point A. 
On these axes two right 
cones, A n F and A D E, may 
be formed, touching each 
p other ill the line ahd; 
and also two right frusta, 
u F o H and D H K E, of these 
cones may be formed. 
Now, if the frustum p F G H revolve on its axis 
B A, it will communicate, by rolling contact, a 
rotatory motion to the frustum duk£ upon its 
axis c A. 

These frusta of cones will obviously perform 
their rotations in the same time as the ordinary 
spur wheels previously described. 

On tlie Rurfiice.s of these frusta a series of equi- 
distant teeth are cut, directed to the apex A of th« 
cones, so that a straight line passing through the 
apex to the outline of the teeth upon the bases DF 
and D E of the frusta shall touch the teeth in every 
part as shown in the diagram. 

Wheels cut in this manner are called hevel gear 

Two wheels of this construction will alway 
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transfer motion, with a constant velocity tAtio, 
from one axis to the other, provided theaL. axes 
meet each other in a point, which point being 
always made tbe apex of the frusta forming the 
bevel of tbe wheela. 

69. General ^ro^fem. — Given the radii of two 
oevel wheelsj and the position of their axes, to 
construct the frusta forming the wheels, the two 
axes being ia the same plane. 

Let A B and a c be the position of the axes cut- 
ting eaeh other in a. 
Draw T J parallel to 
A U at a distance equal 
to the radius of the 
wheel on the axis A B; 
and draw M L parallel 
to A t;, at a distance 
equal to the radius of 
the wheel on tbe axis 
A c, cutting the line I J 
in the point i>. From the point "D, draw d bf per- 
pendicular to A B, and D c E perpendicular to A 0. 
Take b f equal to b and c B equal to c tj. Join 
A e, A J}, and a P. At a distance equal lo the thick- 
ness of the wheel, draw H G parallel to D F, cutting 
A D in H ; and through H, draw H k parallel to u h. 
Then d F o h and D ta; e e will be t!ie frusta re 
quired. 
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Case IT. 7b comtnuU Bevel Gear when the aaeea an 
not in the same plane. 

70. This is usually done by introducing an in- 
termediate wheel with two frusta formed upon it, 
one frustum rolling in contact with the driving 
wlieel, and the other frustum in contact with the 
driven wheel. 

7 1. Let A B and c D be the direction of the given 
axes ; take a D as a third axis, meeting the axes 

Pig ^ A B and c D at any 

convenient points, a 
and D; then A will 
be the vertex of 
two rolling frusta 
of cones o and H, 
and D will be the 
vertex of two other 
rolling frusta of 
cones I and E. 
Whilst the intermediate axis, with its two frusta 
of cones, revolves,, the teeth of the frustum H will 
have a rolling contact with the teeth of the frua* 
turn o, and at the same time the teeth of frustum 
I will have a rolling contact with the teeth of the 
frurttum K ; and thus motion will be transmitted 
fi-om the axis A B to the axis c D with a constant 
velocity ratio. 

Let Qi and q, be the number of rotations per 
formed by the axes A b and c D respectively in the 




same time; Nt =the number of teeth in the bevel 
wheel g; n, = the number in the edge n; Nj =s 
the uumber iu tlie edj^e i; and nj^the numbei 
in the bevel wheel K ; then, 

Q, «, . n, 

which 13 similar to the expression given ineq, (t), 
Art. 57. When «, — rfj, then this equality be- 
eomea, 

5" = '^'.. (2). 

In this ease the intermediate bevel wheel, I H. 
may be regarded aa an idle wheel. 
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VARIABLE SiOTIOIfa PRODUCED BY WHEEL WORK. 
HA VINO ROLLING CONTACT. 

72. Two curved wheels, e p and F having 
rolling contact, revolve on the axes a and b. In 
fjrder that these wheels may 
nill on each other without 
slipping, or witlioLEt pro<liic- 
ing any stmin upon the axfis 
A and B, these axes must al- 
ways be in the line of clontact 
A F n, and if tlie eurvo P K on 
the one wheel be equal to the 
curve PF or) the othr-r wheel, 
the sum of the lint'a a k and 
B I must always be equal to a the distance be- 
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l-ween the ccntreii of niolioiu VarioQs carves may 
be constructed, having ibis pmperty. For exam- 
ple, two equal ellipses, £ p and f p, revolving on 
their fut;!, A and B, and having A E and s F in tite 
line of their major axes, will have a perfect 
rolling comtact. Two equal iogarithmio spirald 
have also the same property. 

Let D P c be the conimon tangent to the point 
of contact P; from A and B let fail AC and B D 
perpendicular to D P ; then, 

angular velocity ap bb BP 
angular velocity M P AC AP '"^ 

Thia result may be expressed in language la 
follows: — The nnjiiZar veJocih'ss a/ the wheels an 
inversely as Ike perptudtcukirs hi fall upon tfte o&/'S- 
mon tangent /ram tke centres of moiiatt. 

TiK. 60. Wlft. 





73. The form of wheels, represented in fig. 50 
Kt used ill silk-mills, and in the Cometarium. 
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The corvea may be iiidefiuitely varieil, but they 
must always be contracted to aoswer the coadi- 
tiona explained ia Art. 7^, 

74. Moeimr's Wheels. — e f and c d are the axes 
of two couical wlieela or bevel-wheels K and O, 
having their vertitjes turned in opposite directions 
the teeth of k are formed like those of ihe ordinary 
bevel-wheel; but tlie teeth on a are formed by 
a series of pins ek, tixed on the surfkee of the 
frustum G. By varying the relative position of 
theae pina, any given velocity nitiu may be, ob- 
tained. 

75. Various combinations buva been invented 
for producing a varying angular velocity ; sucb 
as the eccentric crown wheel and broad pinioi\ 
the «3oentric spur wheel with a shifting interme- 
diate wheel, and so on. 

UffTEfiUlTTKNT AND EECIFBOCATlNO MOTIONS PftO- 
DUCKD BY WHEEL WORE, HAVING ROLLING 
CONTACT, 

76. The following la an example of an iuter 
mittent motion produced by the continuous mo 
tion of a toothed wheel. 

A driving wheel a, hiving auak teeth on a ptir- 
tion of its edge, communicates an intermittent 
motion to the wheel B, which has a corresponding 
number of teeth on a portion of its e<lge. The 
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■ ^ r" 



rig. ox. 



portion Ii c of the wbee! b, l)fing a plain arc f*f fl 
cirule "lesoribetl from A as centre, allows the plain 

portion of the whf3el 
A to revolve with- 
out any interrup- 
tion. The wheels 
are brought into 
gear by a pin j), 
fixed to the whee! 
A, and a OUIDB- 
PLATE G e, fixed to 
the wheel b. Now when A revolves, in the direc- 
tion of the arrow, the plain portion of its edge 
runs past nc without moving 
the wljeel B, and at the same 
time keeps it from shifting; 
but when the pin j3 cornea into 
contact with llse guiile-plate.tbe 
wheel B ia moved round, and 
the teeth d e engage themselvea 
with the teeth on B, and thua 
the wheel B is constrained to 
make a revolution; it then re- 
mains at reat until the pin f 
again cnniea round lo meet the 
guide- pi ate. 

77. Tht Rack and Ptmon. — 
By this combinntiou a circular 
reciprocating motion is changed into a reciprocat- 
ing rectilinear one. Teeth are cut upon the edge 



WHEEL WOKK, 



7ft 



of the straight bars, B o and D K, so as t(i wort with 
ihe teeth u|xii the pinion A, These toothed bfirs 
are called racles, and they are coaatrained to move 
in rectilinear paths by guides or rollers. The 
r&ckj9 in this combination move in opposite direc 
lions, 

7S. Fig. 53 represents an application of the 
double rack, for converting a continuoua ciicular 




motion of a wbeel^ A, into a reciprocating recti- 
linear motion, given to the frame b k. 

The teeth on A are formed by pins or stavea • 
placed about one quarter round the face of the 
wheel ; these staves act alternately upon the racks 
formetl ow the upper and under aides of the frame. 
The tooth on each rack, which comes first into 
contact with the stave of the pinion, is made longer 
than the others^ in order that the first stave shoald 
aot obliquely upon it, thereby tjsnding to lessen 
the shock. In thia figure the lower atave is repre- 
Hented as leaving the last rack on the under aide, 
and the upper stave aa commencing its action on 
ihe elongated tooth of the upper rack. 
7 
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y, ON SLlDI?ft} PtBCES, PKODtTCING MOTION BT 
SLIUINB CONTACT. 

T/i^ W^drf^ fir M'wahle IncUned Plane. 
79, L*?t A B c l>e a iiiopabie inclined plane or 
vtjJge, sliding along tlit; smoolb surface D E, by a 

pressure p applied tc 
the end u c, fni<i pro- 
dueirigii vertical motion 
in a heavy rofl g p, rest- 
injf on the plane a c, and 
constrained to move in 
n. i^trai«;lil: path hy means 
of tfuiile rollers. The 
velocity rjitio of p and P, will he conKtiLiit, beitig 
expressed the following equality : 

velocity P AH length the wed^o 

— = or r T— ^ — 

velocity P| B C thiirkness ut the wedge. 

To IrnnsTiut mof/on /}wn on axis A D, ^ awlher 
axis R 0, poralhl to it. 

SO. 'I'lii^ axis A D curries an arm A R, and a pin 
V,. 'A E r, which enters and 

alips freely in a ftlit 
made in the urtn & h 
aUaclic'l to the nxia 
Bc. When the &:sifl 
A D revolves, ic com- 
municated a mtation 
in the same direction 
to the other axis b o, 



I 



but with a varying vel(xiity ratio, for the pin r 
continually cbangea its distance bf from the axis 

B C. 

Wheu the distance between the parallel axes is 
small, and the axis a d revolves uniformly, the 
angular velocity of the axis B c varies^ very nearly, 
inversely aa the distance, B F, of the pin from this 
ax 13, 

J7te Ecceniric Wheel 

81. Thia mechanism 19 usually employed to 
give motion to the slide-valve of the sleu-m engine^ 
Fi^. 01. In fitr, 57, B repre- 

sents the axis of 
the eccentrio 
wheel; c the cen- 
tre of the cirelfc; 
B R r K a hoop 
which embracea 
the eecentrie 
wheel so that the one may revolve freely within 
the other ; E F n a frame connecting thishoop with 
the extremity d of the bent lever D I. G, turning 
on the fixed centre L. Now when the eecentrie 
wheel revolves in the direction of the arrow, shown 
in the figure^ the frame witli the pin D is pushed 
to the right, and when the lob side of the eui«n 
trie has passed the line of ut^EUres, » and D, the 
frame with the pin r> \s drawn to the left^ and so 
on. Thus the continuous rotation of the axia M 
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produMs a reciprocating circular motion in the 
pill D. Tiie stroke of the pin D will be equal to 
twice B, or douiile ihe eci^tntrjoity of the wheel. 

Ckcmhs, Wipers^ and TappeU. 

82. Camba are those irregular pieces of median- 
ism to wliieh a rotatory motion, ia given for tlie 
purpose of producing, by alidiiig contact, recipro- 
Liating motions iti rods and levera. 

S3, III flg. 53, B c P represents the camb, turn- 
ing on its axis a, and giving a reciprocating reuti- 
liuear motion to tlie heavy rod 
E F, which is restrained to move 
in its rectilinear path by the guide 
rollers. The rotation of the axis 
A being in the diiectiou of the 
arrow, tlie rod e F has an upward 
motion until the extreme point B 
of the uaiJib coraca in a line with 
the rod, then the portion B & of 
the camb allows the rod to fall, 
by its own weight, or by the ac- 
tion of a spring, until the point a cornea in a line 
with the rod, and soon; thus one revolution of 
the eamb, here presented, will cause the rod to 
make three upward and tljree downward strukea. 
By varying the curve of the camb, any law of 
motion may be given to the rod. 

84. In fig. 59, the pin k of the rod is made to 
traverse a groove E G D» cut in the camb plate^ bo 
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t^iat tlie prea^upe of tlio eanib upon the pia pro- 
duces the clownwu.nl ptroke of 
tht! rod aa well iiB its upward 
stroke. In tliis case the rod 
will otiJy make one upward and 
one downward stroke in every 
revolution of Llie cnmb plate. 
The length of tiie stroke of the 
rod will be equal to the differ- 
enca between Aji and AG, wliere 
D is the point in the groove 
furthest from the centre a, and 
Q is the point nearest to it. 

85, To Jt ntl the curve /ormintf the groove of a camb, 
30 that the vehdty 
ratio nf the rod anil 
the axis of the. cmnh 
may he ciUhittinl. 

Let A be tlie cen 
tre of the nainb, and 
C A B the ilirtMlion 
of the rod. Kroni a 
aa a oentro,with any 
convenient diHtiinc^e 
A c, desoribtj the c?ir- 
ole c E D 3 N. On 
B A take }i a equal 
to the length of the 
stroke uf the rod; 
divide it into any 
7* 
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ccilnVeiiiei]t iiiLfjiljcr or*-qii:il parts, say five, in the 
points^ b, c, f?, e, arjit divi'ic tlie ai^nucmrJe b D E P G 
into the aame number of equnl parts bj the raJial 
lines, A D, A K, ^ F. From Aasq centre, with A b. 
A c, A. li, A e, aLS Kulii, (lest;ribe circles cutting A D. 
A K, &.C., rc9pe(.!tivt;l y in tht: poinls k, I. m: then 
through these jjoints drnw the curve ag & Im c; 
and siinilnrly m the aemicinslu bnc draw the 
othur curve o n p c. 

All lint*a drawn through the centre a of this 
curve itre ef^ual ; tlius a c = I n = if p ^ Ac. 
Hence li" tlic rin! hiv\ two pins plactd nl a and C. 
thu cfnnh would revolve between tlieiii, and would 
caiise the rod to make a downward na well aa nn 
ujiwiird stroke. This^ <!urve is the apir-al of A ruhi- 
ffliedes. 

By dividing the line B a into parts Having a 



Fig. ci. 




varying ratio to one another^ any proposed law of 
Velocity may he given tt> the rod. 



SUDlNG piBdfia 



86. In fig. 61, the eontitiuous rotation of the 
f^amb A K c, revolving on the nxis A, ^ives an 
0!*i:i]l:itiiig motion to tlie roil or lyver Fa, turning 
on the centre F. In one revolution of the camb 
the rod makes a double osuillation in the arc a a,. 

y7. Wipf^s. — When tlie nxl id to receive a series 
of liils, with intervids of 
real, the camb is made 
into the form of project- 
ing teeth, which are corn- 
inonly called W'pers or 
Tappela. 

^S, In t\g. 62, the re- 
volving cylinder c has five 
wipers upon its cir^inmt'erenee. which give five 
downward strokes to the liamnmr, H, placed fit the 



Fig- B3. fig, fii. 




Buiremity of the lever A H, in eacli revolution of 
(be cyLiader. 
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89. In fig, 63^ two tappets, n[ion the revalvtng 
cylinder c, ^vc two dowiiwartl strukes to tliti 
heavy bar or st(mip«r A It, in eaoh revulutioii 
the cylindttr. In tbis the bar a b is con- 
straineit to move in a rectiliiiwir patli by nieiuta 
of guitle rollers. 

90. Ill fig. Gi, a single wiper on the ojUmler o 
givea an intermittent rotation to the ratchet wheel 
A with its detent D, At each revolution of o 
in\]y one tiiath in a is rnovetl round, so that for 
ttiu greater portion of the revolution of g the 
wheel B ifi at rest, 

91. In fig. 6o, the continuous rotation of three 




wipers a.h,c, communiiiate.H & reciprocating ronti 
linear motion to the frame A BO P. The wiper a 
IS eng;i£^etl with the paUH e, find at the instant 
uf disenEagenient the wiper h becomes eliga;^fd 
with the palk'E g, and then the frame starts its 
motion in a direction contrary to that of the ar- 
roiVs; and so on. 

The .SW/i Flak. 

92. By tliis uieehanism, the Poutiiiuous rota- 
tion of an axis produces a recipr<.H]ating recu- 
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fig. W. 




lioeap motion in a nxl, in tlte direction of its 
length. 

Htsre G fi represents the revolving axis, to the 
top of whkh ia iixed tlie in<;lined ciri:uhir flat 
plate A B, called the swa^h pLute ; A D r the rod 
tu which a reciprocating tiiotion is given in the 
the direction of its lengthy liaving 
a friotional wheel A at its lowtr 
extremity resting on the hwelbIi 
plate. This roil is kept in contact 
with the plate by iU own woight, 
or, if this bo not sufifiuLcnt, by 
means of a spring. Now as the 
swash plate turns round, thu rod 
A F ia alternately raised and de- 
pressed, so that at every revulu- 
tion of the phite the rod pcrforma an upward 
and a. downward stroke, Supposirt^ the i"od, ;is 
represented in. this figure, to bo nt the lowest 
point ()f its atroke ; from c, tiic centre of motion 
of the plate, let fall CP perpendicular to a k ; then 
A J) will be equal to half the stroke of the rod. 
Moreover, let o ba any angle moved over by the 
axis, aud let A be the correaponding space moved 
over by the extreinity A of the rod ; then 

h = AO (I — cos 9), 

whicn gives the position of the rod at ftny point 
of the rotation of the plate. 

93. There are an almost eudlcsa variety of com- 
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binationti for proiJucing reuiprricating molions of 
lliis kind, by means of sliding contact. 

94 In fig. 67, an eccentric revolvii]g pin €, 
sliding or working in tlm slit of tlie arm r 3 gives 
a rociprocating mutioii tu the rod ^ in tne difec- 
ttoii uf its lotigtb. 

95. In fig, 68, the sum© effect is produced by 




(he roration of an eccentric wheel, a h, on ita axis 
a. within the frame c u f e. 

SCRKWS. 

96. Conatmctimi of a Hdtx or i^rew. — Let A a K 
i>e a cylinder, nud A u k a piecB of paper out in tho 

Fii: m 
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form of a ngbt angled triangle^ haying its height 
DK equal to tlie heii^lit a k. of tlie oylinder. Now 
if this paper be wrapped rQutid t-he tjyljnderj the 
slant edge A E of tlio paper will trace the lielix or 
screw Aa t be K upon the oy^linder. It-A b= bo 
= D be equal to the circurnfafence of the cylin- 
der, the edge of the paper will form four convola- 
tionSj and the perpondioulurs E F = i o = h s will 
be the distance between the threads of the screw, 
&7. The pitch of a Screw is tlie distanee b f 
between two successive convolutions. If i( = B F, 
the distance between the threads of the aerew, 
r = tho radius of the cylinder, o = angle b f i , 
then 

tan d 

98. We may aTso conceive the helix of the 
screw to be formed by the compound motion of 
a point. Suppo.se the c/lirnder to rotate uiiilormly 
upon its axis, whilat a poijit A npoti its surlhee at 
the same time movea unifuru^ly in the direction o( 
its length : then, 
with this comj^Mjuud 
motion, the point A 
will trace the helix 
of a screw. 

99. Transmission 
Qfmotwn hj the screw. 
— Let eancmg he 
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a spiral groove cut apon a cylinder ; A B the axia 
oil which it turns ; d E a rod parallel to the axis 
A B, and constrained to move in the direcAioD of 
its length ; e a tooth attached to this rod fitting 
th« groove of the screw. Now whun the wheel o 
is turned in the direction of (he arrow, the tooth 
with the rod DK will be moved from left to right 
iti the direction of its length, that is, parallel to 
the axis of the screw. 

The velocity ratio of the wheel O and the rod 
D K will be constant, for we have 

velocity c circum. described by O 
velocity K d pitch of the screw 

If R be the radius of the wheel c, r~ the radius 
cylinder A B, v = velocity circum. c, v the velo- 
city of the bur D k, and so on as in art. 97 ; then 
the above equality becomes — 



V 



2 R 



(1); 



V 



t 



V 



R 

- tan 9 
r 



-(2); 



V 



ind when B = r, then — 



-==tan(?...(3); 



that is, the velocity ratio is equal to the tangent of the 
angle which Uie thread of the screw makes with the 
sides of the cylinder. 
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100. It is ulyviuus tliat tlie number of teuth in 
the bar i> k will not at all alter its motion. 

In fig. 71, the screw acta apun a. series ot tooth 

Fig. 71. 




Pig. n. 



Qpon the rack D This arrangenitint, uiillu'd the 
rack and screw, converts a circular motion into a 
rectilinear ooe. 

tSoitd Screw and Nui, 

101. In general the piece acted upon by the 
Bcrew has its teeth, or rather its 
threads, formed in acavity whicli 
embraoeg the whole circumfer- 
ences of the acrew, and the 
threads of the one exaefclj fit- 
ting the threads of the other. 
This modification is shown in 
fig. 72, where N is the hollow 

acrew fitting the threads of thig screw 3. The solid 
piece a is called tlie male screw, and the hollow 
piece the femule screw or nut. 

102. Screws are either left handed, or right 
Iiandedj according to the direction of the threadii. 

103. It is imfwrtant to observe that the follow- 
ing relutiunB of motion subsist between the solid 
screw and the nut: 

8 
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1. When the nut is fixed, the solid screw will 
have a motion in the direction of its length, apon 
being turned round. 

2. If the nut revolves, without having any 
longitudinal motion, the solid screw will have a 
motion in the direction of its length, provided it 
is incjipable of revolving. 

3. If the solid screw revolves without having 
any tnution in the direction of its length, the nut 
will hiive a longitudinal motion, provided it is in- 
capable ©r revolving. 

The lirst two cases are exemplified in the differ 
ent forms which are given to the common press 
and the last case is exemplified in the construc- 
tion of the self-acting slide rest of the lathe, and 
in other kinds of mechanism. 

The screw is usually employed for producing 
very slow uniform motions, and for exurting 
great pressure through a limited spaoe. 

The Common Press. 

104. In fig. 73, s s is the solid screw, N the nut, 
K p the lever, B the lower press board which is 
constrained to move in an upward direction bj 
means of the guide frame. 

Case 1. In this case the nnt V revolves, but does 
not move longitudinally, but the screw 3 s is in 
capable of revolving, Ilence the press board B 
IS moved upward at every revolution of the ao^ 
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over a space eq^ual to thy pitoh of the screw, or the 
distance between the threads, tliat is, 

velo. F cirijara. described by p 

velo. B distance betwuun tho threads, 
Exmn-plt. — Let tlitj diatiincti between the threads 
= { iii.j the length of the lever n p = 2i \'t.\ 
required the velocit/ ratio of the point P and the 
press-board b. 

velo. F _ 2 X 2^ X 12 X 31 416 
vdo. B i 



= 753 984. 



FIS- 73. 



That is, the velocity of f ia 7o3'9S4 times that 

Case 2. In thia case N is a perforated cylinder 
^'orming patt of the 
Dolid auruw s Sj and 
therefore turns with it 
on a pivot which works 
in a socket placed on 
the under side of the 
press board B ; the 
piece K fixed to the 
frame (lontains tiie hol- 
low or female screw ; 
so that the solid screw, 
s 3, is capable of re- 
vo'viiig utnlitf moving 
longitudinal tyj Whilst 
tlie nut K remains ab- 
aci utely fixed. 
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Chntjwtind Screw, 

1C5. This tnecliatiistn consists of two acreW3 a 
and D, tha smaller one li 
working williin the larger 
one A. The screw A works 
in a fixeil nut or female supew 
alK, and is caj>able of revolv- 
ing and niuvicg in th« direa- 
tioti of its lungtli ; lilt; amali 
screw D ie inijfL[jiible of re- 
volving, but is capable of 
moving in t\w direction of ils 
lengtli. lu ont revolutiouof 
the lever the screw A de- 
scends a space equtil to tte 
dijilancc l>f!lwecii its threads, 
butat the aame time the screw Dcnters the hollow 
screw formed in A, a spaue c^uial to the distance 
Ijetwoeii the threads otJ so llmt the e-xtreniity B 
will only descend a apace equal to the dift'erenee 
between the thickness of the threads on A and the 
thickness of the threads on B ; hence we have 

velo- P circnm. describeii by P 

velo. B dist. bet. th'da on a — - dist, bet. th'ds on n. 

If the length of the hvtsv P ^ r, the pitch of 
the screw a — and Lhc pitch of d = ; then 
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Mxamph. — Let r = 5 ft,, t=^l in., = |in.; 
Ihen 

vela P 2 X 5 X 12 X S Hlfi 

= — - — 30lD'9atJ 

velo. B ^ — I 

TLe same velocity ratlit (night be attaitied by 
^Kikiii^ tlie piLi.i]i of a single screw a, equ.il to 
; — /„ but tlte threads, iu tliis cnse, mlg"}!! be Loa 
wiiiik to flttiml the pfL'ssiire; lienee tluf advantage 
'jI' ilie C(iiii[HiUiiil screw. 

106. When the threjtds or teeth of si revolving 
snrew are mailc to 
act upon the leetlj 
of a whet'l, as in fig. 

7o. tlie ineclianism BSI^^^ji^flQ^IBBQ 

19 oallecl the eni11es:4 ^3^^^^k9QHI^£vB 

wt:revv. Here, eju li 
n>lalinn ttt' the axi» 
A H ni' tlie fwrew 
Lurit.7i roiiiiLl oii^ 
to'ith of the wheel 
C, the p3t<:lt of llie 
screw oil the axis A B being equal to the pitch of 
the teeth on the wheel. 

Tl" Q and q 1je tlie 3ynchronal rotations of thu 
wheel and the strew respeiitively, and N the aum- 
he"" of teeth in the wheel ; then 

'i 





= N ..(1). 
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If s = 40, ilien - = 40 ; that is, for every rero- 

tutioo performed by the wheel the screw will 
make 40. 

If », r be the respeetive piteb-ratlii of the wbeel 
■nd screw, « beings as befure, the angle wbleb tbo 
thread of tbe acrew mukea with its axis ; then 

^ = tan 9. ..(2). 

107. A D is an axia axx witiirh are formed two 
screws, a b and b c, whose pitche^t are Jiftierent. 




Tlie screw A R passes ibroiigUi a fixed nut or fe- 
inrile screw b, wliilst B c paafje.^ ttjrougli a nut N 
wliich is capable of moving hmgitudinally, but 
incapable of revolving from the intervention ot 
the guides. 

Let the screw make one turn so as to move the 
Cylinder from right to left, then the screw aB wUJ 



move through the lised nut E a sjiace equal to th<j 
distance l>etween its thrcaJa; but, at tlie same 
time, the screw b c will move through the nut N 
a space equal to the thitikneas of the threads on 
HC; HO that the nut N wil! only be moved througli 
A Space equal to the difterence between the thiek- 
ness of the threads on A B and b c, that is — - 

In one revolution of A, the space moved over 
by the nut N = pitch screw A B — pitch -screw 
BO = t^ti, where t is put for the pitch of tht 
screw A B, and for that of A c. 

If i ^ f„ then nut N will remain at rest 
IP the screw A b be right-hiiiideil, and JJ left 
handed; then i + will l>e the spnc*^ mcur^d uvm 
by the nut N in one revulntion of a 




from one part of a corn mill to another. It con 
aiata of a. wooden c^ylindrlcal trough, A s c D, within 



wliicli revolves a sbaft, k having a deep spiral 
ihreHd furineU upun its surface. The uuni ia 
dropped in at one extremity of the irou^li hy a 
hopper, niiJ by llie revolution of the creeper ihit 
cum is pu-shed nlong toward tlie other extremity 
of the trough, 

Methanism for cutting Screivt. 
l09. P ia the cylinder, or axia on which the 
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sotew is to be eut, revolving with the mandril d 
of the lathe; a a toothed wheel revolving with 
the axis c d, and givinor motion to the toothed 
wheel B, round ita axia F B, on which is cut tha 
parent screw; this screw gives a longitudinal 
motion to the nut n, aa in Case 3^ carrying the 
sliding table or saddle upon which is securely 
elatnped the cutting tool p intended to cut the 
thread of the screw ou the cylinder c i>. In the 
place of the wheels a b, any combination of wbeela 
may be used so aa to produce any relative longi- 
tudinal velocity to the cutting tool P, aud thereby 
to i'onn a screw of any given pitch on c d witb 
ihe same parent a{.-.rew P K. 

Let n = the no. of teeth oQ the wheel A, n, = 
the no. of teeth on B, ( = the piteh of the screw 
on a r, /, = the pitch of the screw on f E; then 

(1), 

which expresses the pitch of the screw on o o. 
From thia equality we get, 

that is to say, the pitches of the acreivs are in the 
ra(io of the if/mber of teeth on their respective wheels 
If fli and ti be constant, then 

t Qo n, 

that ia to aay^ the pitch of the srrcw nnQ D vareiei 
with ihe nu7nber of tteth ait its tvlml a. 
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Let k and ft, be the number of threads per ineh 
on the cylinders c D and P K respectively, then -■ 

1,1 ' 

and jr =U, 

and eq. (2) becomes — 

Now, let there be an intermediate pinion and 

wheel, turning on the same axis, placed between 
A and B ; and let the pinion (acted upon by X) 
contain Ci teeth, and the wheel e teeth ; then the 
velocity ratio of the axis F E will be increased by 
e 

the ratio and hence eq. (3) becomes — 

Example. — Let n = 30, rti = 10, fi = } in, ; re- 
quired t. 

n 30 

Here by eq. (1)^ (= ^ . ^ = x J = IJ in. 

To produce a changing reciprocating rectilinear mo- 
tion by a combination of the camd artd screw, 

110. E F is a conical shaped camb, turning- on 
the eccentric axis a b, on which is cut the screw 
S B, working in the fixed nut or hollow screw X ; 
D c a rod resting on the oamb, constrained to 
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more in the direction of its lengthj and to which 
the varying reoiprocat- ^ 
lag niution la to be 
given. Ilere, whilst 
e camb rcvolvea, it 
a continuous ino- 
tion in the direction of 
the axis a h, so that the 
luwer extremity, V, of 
the rod d c describea a 
spiral or screw curve 
upon the cone whose pitch is equiil to the pitch 
of the screw k b« The eftect of thi3 is to nmlce c u 
reciprocate in it.^ path in such a manner that the 
stroke in oae direution is shorter thau that, ia the 
opposite direotioQ. 

2h produce a boring motion hy a combination of 
the screw and toothed wheels. 

111. Here it is required to produce a rapid ro- 
tation combined with a very slow motion in the 
direction of the axis. 

The screw i b is out upon a portion of the re- 
volving axis A B ; this screw passes throngli a nui 
E capable of revolving with tlie wheel G-, but in- 
capable of moving in the direction of its axis, aa 
LD Case 2> page 87; the wheel e ia driven bj the 
pinioii F revolving on the parallel axis 1> C; U ie 
a king pinion, turning ou this axis, and acting on 
tlie wheel whiuh tranapaite a rotatory motioD 
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to the screw axis A B. Now the rotation of c D 
produces a rotatory motion in the axis A B, and at 
the same, time- causes it -to advance in the direc- 
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tion of its length, with a velocity determined by 
the following formula. 

Let Q, Q„ 9, be the sjnchronal rotations of the 
axis c D, the nut K and wheel a, and the wheel 
and axis a b, respectively ; N, Ni, «, nt, the number 
of teeth in the wheela F, G, E, L, respectively; s 
the space moved over by A B in the direction of 
its length , and t = the pitch of the screw I b. 

Now Q, rotations of the nut K moves the screw 
A B through a space equal to Qi x t; but rota- 
tions of L moves the screw through a space, in 
the opposite direction, equal to X <; therefore 
in Q rotations of the axis c D, the screw A B will 
be moved through a space equal to the differenoe 
between q y. t and x ^ that is, 

8 = (ji — Qi)«; 
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but - = - , and - = - : 
n N 

Now the diflferenoe may be yery small 

OS compared with q, and oonseqnentlj 3 may be 
made as small as we please as compared with Q, 
wbich is the condition required for the conatrue- 
tion of a boring mstrament. The boring tool is 
ijflmcefi *ipon one extremity of the axis A 
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CHAPTER It 

ON WIIKKI.a AND PULT.EVS. 

The elementary principles (jf naotion by rolling 
contact and by wrapping conocctora have already 
been explained, so tlmt in llie present ctiapter wa 
have only to examine in detail tlie metliods of ap 
plying these prinoiplea and their respective advan- 
tages, and especially the mode of constructitsg 
wheels in gear, so tiiat the resulting motion shall 
most nearly approach the condition of perfect roll- 
ing contact. 

We saw in the preliminary chapter that there 
were two methods of transmitting power through 
trains of wheel workj the first being tUrnugh the 
agency of wrapping eontiectoraj and the second by 
rolling contact. 

Wrapping connectors. — Considerable difterence 
of opinion exists as to the best and most tsftSsctive 
principle of conveying motion from the source of 
power to the machinery of a mill. The Americana 
prefer leather straps,*^ and large pulleys or riggers. 

* r Uaru saLeclcd Ihe wnri] strap, iiisteiul of belir or bttnett^ 
M a term more i^entfruny a|>[)liud ta wrapping caniieotiini 
In ibv iiortliern iliBlriDta. 

(99> 
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In this country, and especially in the manufactur- 
ing districts, toothed wheels are almost universally 
employed. In some parts of the South, and in 
London, straps are extensively used ; but in Lan- 
cashire and Yorkshire, where mill-work is carried 
out on a far larger scale, gearing and light shafts 
at high velocities have the preference. Naturally, 
I am of the opinion that the North is right in this 
matter, and that consistently, as I was to a great 
extent the first to introduce that new system of 
gearing which is now general throughout the 
country, and to which I have never heard any 
serious objection. I have been convinced by a 
long experience that there is less loss of power 
through the friction of the journals, in the case of 
geared wheel work, than when straps are employed 
for the transmission of motive power. Carefully 
conducted experiments confirm this view, and it 
is therefore evident which mode of transmission 
is, as a general rule, to be preferred. 

There are certain cases in which it is more con- 
venient to use straps instead of gearing. With 
small engines driving saw-mills, and some other 
machinery where the action is irregular, the strap 
is superior to wheel work, because it lessens the 
shocks incidental to these descriptions of worir 
So, also, when the motive power has been con- 
veyed by wheel work and shafting to the various 
floors of a mill, it is best distributed to the ms 
iibines by means of straps. 



Ill same of the American eottoa factories, hoW' 
fiyer^ there 13 an immense drum on the nrst mo- 
li*>n, with l>eUs or straps from two to three feet 
wide, trnnamitting Vhe power to various lines of 
shofting. arn3 these in turn through other t»ollcy» 
ami straps, giving motion to the mncihinery. From 
this description it will be seen thnt the whole of 
the mill is driven by »triip» ninnej withoat the 
intervention of genring. 

The advantages of ^trap^ are, the Fmoothneas 
and noiselcssnoss oi' the motion. Their difiadvan- 
tages are, cumbronsneas, the expense of their re- 
newal, and the necessrty tor frequent repair^i, They 
are inapplicable in oases where the motion must 
be transjnitted in a constant ratio^ because, as the 
atrapB wear slack, they tend to alip over the pul- 
leys, and thus lose time. In otlier cases, as has 
bRtn ohfierved. this sHpf>inig beeomea an advan- 
tage^ an it >'educcs tlie shock of madden stfaiNs, 
and Jesaens the danger of breaking tlte manlnnery. 

Very various materials are emploved fiir atrapt^, 
tlie m(»sl serviceable of all being leather splicnl 
with thongs of hide or cement. Gutta purelia has 
been employed with the advantage oi' disptmsing 
with Joints, but it is affwted by cliangesiHl' terrr- 
|keratiirej. and it stretches under great sWainH. 
Flat straps are almost nntverswlly employetb tf* 
consequence of the property they possess of main- 
taining their position on pulleys, the edge of 
which is slightly convex (fig. SI). Kound belt* 
9* 
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of ciltgut or hymp are sometiines used, runninj^ in 
grooves, which are better macJe of a r\g.si. 
triiiiigular than a circular section — so 
that tlie belttouclies tlie pulley in two 
lines only, tangential to the a'ules of 
he groove; in this case the friction 
of the belt ia increased in proportion 
to the decrease of tbe angle of the 
groove. 

The ptrength of straps must be determined by 
the work they have lo transmit. Let a strap trans- 
mit a force of n hor.'^es' power at a velocity of v 
foet per minute, then the tension on the driving 

side of the belt ia lbs. independent of tlia 

initial tension producing adhesion between t)m 

belt and pulley. For exftmple, let v be Sld lrt 

feet per minute, or the velocity of a 24*imjh pulley 

at 50 revolutiona per minute, and let 3 horses' 

. , ^ 33000 X S 
powerbetrtmsmitted; then— g -^v^^ — =312 lbs. 

the strain on the pulley due to the force trana 
mitted 

The following table lias befin given for deter 
mining the least width of ntra[>s for tran.-irnittinr; 
various amounts of work over diHereut pulleys. 
The velocity of the belt is nssnmed to be between 
25 and 30 feet per 8eci>nil, ami the widths of the 
belta are given in inches. With greater velocities 
tbe breadth may be proportionably decreased 
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TaBLIE I.—AFrRfJltlMATR "WlPTHS IF LraTHKE SlKAPa, IN 
InOHES, NErBJilARV THJ 'fHAXfiMlT ANT NUHBKR OP HoRflK^' 
POWKR. 
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Toothsd Wheels. — The second rnetbod of com- 
municiatlng motion is by rolling contact, as ox- 
plaiced ill tlie preliminary chapter.* But, in 
practice, the ailiiesiun bflween tlie Rurfiiitiea 
BeMom suffi(!ient to CDmiimLiicate the neL*efisary 
|M3vver, and hence various ooiUrtvancieH — such aa 
the wheel and trundle, and tootlsed whtels— ]i:ive 
beea gubstitated. The general equations for velo- 
city, ratio, etc., are the same as if the wheels rolled 
on each other at the pitch circles, but in f'aet each 
tooth slides upon its fellow. The determination 
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ttt tbe best forms of these teeth so that the friction 
shall be a minimum and the motion uniform, is 
one of the most important contributions of applied 
mathematics to practical engineering. 

Of the introduction of toothed wheels and 
toothed gearing, we know rery little. Hero of 
Alexandria, who wrote two centuries before om 
era, speaks toothed wheels and toothed bars ip 
a waj which seems to indicate that he was not 
altogether ignorant of this method of transmitting 
motion. Later forms are figured in great variety 
in the difllerent collections of mechanical appli- 
ances of the sixteenth and seventeenth centuries. 

Spur gearing is employed where the axes on 
which the wheels are placed are parallel to one 
another. The sntaller wheel 
in a combinatiun oS this sort 
is termed the pinion. An- 
nexed (fig. 82) is a pinion 
from RameHi (A. D. 1588). 
which from its form, may be 
surmised to be of metal. Tiw 
principle on which spur gear- 
ing is constructed ia primarily 
the communication of motion through tbe n>)ling 
of two cylinders on one another. The teeth are 
introduced to prevent slipping, and thus to insure 
the regular communication of the motive power. 

In tbe older wooden wheels, the teeth wero 
usually formed of hard wood, and driven into 




WHG£LS AND PULLETS. 



105 



mortises on the periphery of a wooden wheel. 
Tbe pinions were generslly replaced by trundles, 
in wlituli uylitidricjjil staves, fixed at equal dia- 
tanc&s round the periphery of two diecg, were 
ilriv«n hy the teeth of the wheel. 

The mortise wheels are still retained in countries 
wliere iron ia exi>en3ive, and even in this country 
they are employed in a modified form. Iron 
pitiioiis, with wooden fwjgs fixed in the periphery, 
are used to receive the motion from the fly-wheela 
of engines, with a view to reduce the noise and to 
iriurease the sniothneds of the motion; and many 
niillwrights prefer, in all leases where large wheels 
are required to run at high velocitfes, to make one 
of theni a mortise- wheel, with wooden eot^s. 

There doe;* not appear to have been muo^j im- 
provement in the construction of wood and iron 
gear since it was tirst iiitrtwluced by Mr, Reonie ; 
tiie only exception being the introduction of a 
machine for cutting out the form of the teeth,* 
which in those days Wiis done by hand, with keys 
or wooden wedges lilting into dovetails in the 
' ^-hunks* of the cogs, shown at a, fig. HS, on ih^J 



* Mr. Smiles stiilea, in itiA ' LiveH of the Kngineere,* thai 
Britidluy, muru than a vuntary agn^ iiiT«nled tnachinery 
For 111*-' luanufavtar^ or (ontli and pinion ivheelfi, 'a thing,' 
at; sLuled the Authnr, ' that had nnC before beeti «tlempt- 
ad, all fiucb «ht>i;ls liaviiig until theo, been oat hj band, 
■ t great I^Wr and cost.* 

'I 
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Concave side of 
the rim ; now they 
are made with an 
iron pin driven 
through the cog, 
clo^e to the ritn, 
ns at b. The iron 
riinion or wheel intended to work in contact wil 
ihe wood teeth w;4S, u]t t<> a recent date, turni 
nnd carefully divided to the epicycloidal fyri: 




Wit. ei. 
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aniJ tlien chipped and filed with great exactitude 
in crder to fit acuurately into the wooden teeth of 
the driving wheel. In all the corn mills of the 
present day, and where great speed is required, 
the same attention to accuracy is observed in 
wood and iron gear as in former times. 

The greatest advance in the application of gear- 
ing resulted from the introduction, at the end ol 
the eighteenth century, of cast iron in place ot 
wood. The credit of the introduction of this ma 
terial ia usually given to Smeaton, who began to 
MSG cast iron in the conat ruction of the Carron 
Rolling Mill, in 176^. But the late Mr. John 
Eennie, when at Bonlton and Watt's, in 1784, waa 
probably the first to carry the use of oast iron into 
all the details of mill work. Figs. 84, 85 are 
copied from tbe original designs for the Soho 

EoUing Mill, dated 
1785. But the Al- 
bion Corn Mills, 
builtabout tbesarae 
time (1781-5), may 
beconsidered as the 
earliest instance of 
tlie entire replacing 
of wood by cast 
iron for the bevel and spur wheels and shafta. 
This was effected by the same disEingnished en- 
gineer. 

Where the shafts of the wheel and pinion are 




not parallel to each otiiar^ various furtna of conical 
truniilufti and bevel wbdeU are employed. The 
simplest plan is probjvbly the face wheel and trun- 
dle gliown i» fig. 86j which have been employe*! 
*'rora a very early period, and whick, if made of 
meta!, take the form of the crown wheel and pin 
ion, fig, 87. Where the ax«s are not at right 
angles, ounical trundles have been used, one of 
which is figured in Beaaoui (A. D. 1678.) 

The moBt perfeut arrangement, however, is that 
inwhieh twowheeliiculled 
bevel wheeliiaru employed 
const ruuttici in the form uf 
frusta uf coiiijs, Tliebe 
were nut intruduceil till 
the middle of thu last een- 
tiiry, the prini^iples uf thu 
eonsLrutition ol' the teeth 
being due to Camus (A.D. 
1752). Fig. shows a bevel wheel rlpsigried for 
the Ri^iling Mill at Sohu, by the lale Mr. Ru-nniL:. 
in 1785.* 



* It Is eTldeht from lUe nhipnof LIi« uye tif tlitis« wlifwlrt. 
ige. 84, 85, and thai tUsy warn iuteiidtKi fur wtiud^'n 
&httf1.!4, atid that cast iron liail nut h^eu in aae umi^b Iwrorv 
llial Urae. At an earlier fii<riu>l, Mr- W. Miird(n.'k, uT Bulio, 
had a caul iron Imtu] wIihbI, which wm^. cunsiA^r^d Ihv 6.r&[ 
ifllrodDctji] iiiLo SccilLand, irmny y^ars previuiiB to thi; aliore 
date. Mr. Siiifiaton alsn Ijait introiluted iron wJjeels at Car- 
ron in 17li4^ and aftf rwarilB nt n uiill at Bi3l|ier, in Derbj- 
Hhha (Spo SmlleA's " hUe Bonnie/' page ISa.J 
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The smoothneaB aiul <3<;oiioni_v of whoel work ilc 
pcnd entirely upon ttie acuuracy of the curvature 
of the individual teeth wbiuh gear with one an- 
other. Two cTaief defects result from imperfeo- 
ions iQ their construction : first, the motion coir- 



rig.8s 




tnunieated to the driven wheel is irregular, in- 
crciiaing atid dim'iiitibing aUeriiiitdy as euuVi tooth 
passes tbo lin*; of centres; and, sccondj there is an 
UTinecessary frietion between tho teeth in gear, 
reaulting nut only in loss of power, but also 
causing a great tiiid deatruutive wear in the teetb 
10 
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and journals. These defects can onlj be avoided 
by reducing, as far as praticable, the size of the 
teeth, and by the adoption of true principles in 
setting out their curvature in the original model. 

To the first cause alone a large part of the per- 
feet action of modern machinery of transmission 
is to be attributed; but there is moreover no 
doubt that, in practice, even where true principles 
have not been adopted, a considerable approach 
has been made to such forms as theory requires. 
Now, with certain limitations, it is known that if 
any form of tooth be taken for one wheel, there 
can be found another tooth which will work cor- 
rectly with it. But there are certain forms which, 
being susceptible of accurate mathematical deter- 
mination, are most conveninnt for the purpose. 
Camus, in 1762, was the first to work out the pro- 
pertietj of epicycloidal and hypooycloidal curves 
when employed in the construction of the teeth of 
spur and bevel gearing. De la Hire adopted the 
same form. Euler, in 1760, and Kaestner. in 1771. 
investigated in a similar manner the propertiefl 
of the involute. Since their time, Ferguson, Bu 
cbanan, Hawkins, Rennie, and Airy, have all con 
tributed to perfecting the mathematical theory. 
And Professor Willis, amongst other important 
additions, has shown how a close approximation 
to a true form may be made by the adoption of a 
system of circular arcs. 

From 1788, when Bennie completed the AIMod 



Ill 



Mills, to the present time, wood and iron gear 
have been in general iiae for high velocitieSj and, 
for every deacriptioc of macliiciery wliere srnooth- 
niisa and accuracy of motion were required, Mr. 
Elennie was the first to introduoe this system ; and 
in most casea he made the driver, or large wheel, 
with wood coga, and the driven, or^pinion^of iron 
"shipped and turned " — that in, every tooth of the 
iriiii wheel was carefully divided in the pituh. 
having first been turned on the fattie and the ends 
of the teeth, and drawn to the epicycloidal form. 
They were then ehipped with the hamnjer and 
uhiselj and accurately filed to the required dimen- 
sions and forms. The saine process was appliyd 
to the wooden teeth ; and these wheels, when duly 
prepared, were keyed on their respective shafts, 
and securely ftxed in contact in the mill. 

The chipping and filing" prooess has of late 
years been superseded by a euEtiiig mauliiiie, 
which effects the same purpose, with less risk uf 
error ; and th^ good old syskm of a penny are inch, 
as praetised in Rennie's time, has been exploded, 
mueh to the dirfeomflture of the old millwrights, 
who adhere with grt^it tenacity to the hamintT 
ttnd uliisel. Fig, 89 showa the cutting machine 
constructed by Messrs. Pet^^r Fuirbium and Co., of 
Lee{ls. 

The object of tliia maehine is not only to pitch 
liud trim the teeth of a large spur or other wbecl^ 
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but to tarn tbe face and sidea of ibe segmeota 

previously, when bolted, to the arms. 

When used as & lathe for turniag^ the pnrta in 
use are as follows : B is a large headatockj carry- 
in); a hollow spindle (C), throujjli which is inserteti 
n mandrill upon whi>c:b the wbt^el to be cut and 
turned is ke_yed. Provision is ruade for carrying 
the trtlier end of this mandrill by a loose fixing. 
The hollow spindle is driven (with the wheel upon 
it) hj a worm wheel (J) wlrioh is made to ran 
liKJje on the spindle, but whit;lt ia now by a lock 
bolt connected to the larg'er worm wheel nr lUvid- 
ing *heel {E), the worm of which is now thrown 
out, nnd which is keyetl firmly on the iipimlle. 
The neressary speeds are given by the five-speed 
eonfaand mitre geiir. The toi>l for turninj^ is held 
in an ordinary slide rest, whidi moves transver- 
eally on a paddle, winch slides and \a fastened in 
the T grovea of two strong beds (A), firmly se- 
cured to masonry, and between which tlie wheel 
revolves. 

When lifted for pitching and trimming, the look 
bolt connecting the two worm wlieeU is removed, 
and the pitch is given by the train of ehangH 
wheela and division plate (AX Tbe place of the 
slide rest is now taken by a heailslock cnrrying 
two cu:tters, one for roughing, and the other tin 
finishing. 

The finishing roae-'3utter is tbe cottoterpart of 
10* 



114 WACniXKKT or -IHAK^ MISSION, 



the apace belweea the teelh, and is transvcr**J 
across, loaklELg both sides uf the touth alike. 

The remuiiitler uf the arraugement will be 
obyious from the sketch. The same oiachiae caa 
be also r«uiily arranged for cutting worm-wheel 
teeth, or (or bevel geiir. 

The best form which can be given to the teeth 
of wheels is that which will cause Lhem to ha 
always, in regard to the power they mutually 
exert, in equally favorable situations, and, con- 
aeq^aently, will give the machine the property of 
being moved uniformly by a power constantly 
equal. This would be accomplished by simple 
roliing contact, whieh corresponds with the case 
in which the teeth are iiifitiitely small. 

IhJinitiofLt. 

1, Spur gearing in that in which the pitch lines 
of the driving and driven wheel are in the same 
plane (fig. 90). 



Fig U. fit: n. 




2. Bevel gearing is that in which the planea ot 
the pitch linea of the driving and driven whee 
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Mfl LncliDed to each other. In practice, they are 
in most cases at right angles (fig. 91). 

3. Of two wheels in gear, the leaser is called 
tlie piniou. 

4. When two wheels are in gear, a straight 
Eine joining their centres is called the line of 
centrea. 

5. If the line of centres be divided into two 
parLa, proportionally to tlie number of teeth in 
the wheel and pinion, these parts are called the 
proportional or primitive ratlii of the wheel and 
pinion. 

6. The radii of the circles which limit the ex- 
tremities of the teeth are called the true radii. 

7. If, from the centres of the wheel and pinion, 
circles be drawn with radii equal lu the primitive 
radii, so that they touch one another in the line 
of centrea, the circles are called the pitch lines of 
the wlieel and pinion respectively. 

8. The acting surfjice of a toothy projecting 
beyond the pitch circle, is called its face; that 
enclosed withtn the pitch circle, its flank. 

9. The pitch of a wheel is tlie diat;ince measureii 
along the pitch circle from the face of one toulh 
to the corresponding face of the next; it includes, 
therefore, the breadth of a tooth and space. Ii'or 
two wheels to work in gear, tiie pitch must bft 
the same in each. 

10. Hacks are toothed bars in which the pitcl 
line k a strai^lit line 
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11. In annular wheels the teeth are cut on tHa 
internal edge of an annulus, or 
ring (fig. 92.) 

In fig. 93, B P is the line of 
centred; F A, a b. the primitive 
radii of the whe*l and pinion 
respectively ; A K L and A M N 
the pituli line»; K Liind M K, the 
pkcli ; P Lf the lace ; and q l the flftok, of the 
tooth. 




The pitch of Wheeh. 
Wa have aeuii tliLit tho pitch <>r n wheid is tlie 




lengtli of an arc of the pitch line comprisiog a 
tooth and space. Millwrights ordinarily meaaure 
the pitch as a cord of this arc, and, except ia 
ptuiona with very few teeth, the two measure- 
ments aensiblj coincide. 

Having the diameter of a wheels and the num 
ber of teeth, the pituh may he foaud, as foUowa: 

Let D be the diameter of a wheel, n the number 
of teeth, and p the pitch ; then, as 3'1416 D = the 
circumference of the circle, 

31416 J) 
P = -~T— 
or approximately, 

_ 22jp 
~ 7tt 

Coaversely, if the pitch of a wheel be given, and 
the number of teeth, then the diameter may be 
found, 

ON Two 

And if the pitch and diameter of a wheel be 
given, then the number of teeth may be fouudj 

S-1416 D 22 D 

N" = = nearly, 

p 1p 

But Biace a wheel must contain a whole number 

of teeth, N may never be a mixed number. If, 

tlierefore, this Liquation gives U with a fraction, a 

wheel cannot be conatructed of tliat diameter ami 

pitch. Ia this case, however, by slightly increus- 



its HAcdnnAT 01^ nuirsiaflstoir. 



ittg or decreasing either the diameter or the pitch, 

the necessary conditions may be complied with. 

In practice it is coavenient to limit the number 
of pitches, with a view to the reduction of the 
number of patterns required for casting. Thu^ 
the following series gives all the most ordinary 
pitches of my own practice : — 
Spur flywheels, 5, 4|, 4, 3 J, 3 J, 3, 2^, 2, 1 J inches. 
Spur and bevel wheels, 5, 4|, 4, 3J, 3^, 3, 2|, 2}, 

2i 2i, 2, If, If, IJ, 11 U, li 1, i inches. 
Wheels of smaller pitch than this are not used in 
mill-work ; but in machines, &c., the following 
pitches would probably be sufficient, via ; 

1» h h h f- i incb- 
The value of « = V ordinarily employed is not 
Very accurate ; hence it is convenient to calculate 



beforehand the values of 



and 



31416 



81416 p 

the most useful pitches. 

The following table gives these values : 



for 



Fitch In 
Inches. 



5 

4X 
4 

3« 
3 



3-uie 
Fitch. 



0'62S3 
0-69S1 
01864 

0- 8976 
09666 
10172 
1 1333 
12586 
t-3B63 

1- 6T08 

inas 



Pitch 
3 1416. 



1-6916 
14270 
1-2732 
11141 
1 0346 
0-9648 
0-8764 
0-7968 
0-1136 
0'<36e 
0-S937 



Fitch in 
Inches. 



IK 
I 

K 

I 



8141« 

Pit<^. 



1 i9sa 

t-9364 
2-0944 
2-28*8 

2- 6132 

5- 7924 

3- 1416 

3- 6904 

4- 1888 

6- 0206 



Pitch 
S-141C 



o-sno 

0-S141 
0-4TM 

o-4Jfn 

0-SS80 
OBI89 
0-3786 
0-4186 

o-im 



Hole 1. — Given tlie pitch ami auraber of teeth 
in a. wheel to find its diameter. 

Multiply the number of teeth by the conalaiit 
in the third or sixth column of the preceding 
table corresponding to the pitch. 

EuLE 2. — Given the pitch and diameter of a 
wheel to find the number of teeth. 

MuUiplj the diameter by the constant in the 
second or fifth column of the table correaponding 
to the pitch. 

If this rule gives a mixeil number, or whole 
number and fraction, a wheel cannot be con- 
structed, aa before said. The moat convenient 
way of proceeding in that case will be to take the 
nearest whole number to the number given by 
the rule, and^ umng Rule 1, find a new diameter 
which will differ but slightly from, the one pre- 
viously assumed. Thia new diameter m,ust be 
taken for the pitch circle in constructing the 
wheel- 
Thus, suppose it required to find the diameter 
of a wheel of 2 inches pitch and 160 tectli. By 
Rule 1, we have p = 150 x 6306 = 96i inc-hog 
= 7 ft. llj inches. 

Or, required the number of teeth in a wheel of 
3 inches pitch and 9 feet diameter. By Ilule 2 
N= 108 X 10472= 113 097. Here the wheel 
will contain very nearly 113 teeth; but if we wish 
to know more accurately the diameter of a wheel 
of 3 inches pitch and 113 teeth, we find by ih^ 
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1st Rule. D= 113 X 0-9548 = 107-89 inches = 8 
feet ll/o inches. That i^ a wheel of exactly 9 
feet could not be constructed with a 3-inch pitch, 
but one of 8 feet 11 inches m^t and would 
contain 113 teeth. 

Professor Willis has employed another method 
of graduating the sizes of wheels. Suppose the 
diameter, iTistead of the circumference, to be 
divided into as many equal parts as the wheel has 
teeth, and let one of these parts be called the 
diametral pitch of the wheel, to distinguish it 
from the common or circular pitch. Let u be 
the diametral pitcli, so that 
D 

- = M 

N 

and let a series of values be taken for H in simple 
fractions of an inch, so that 

1 

M= — 

m 

where N and m are always whole numbers. 

The ordinary values of m are 20, 16, 14, 12, 10,9. 
8, 7, 6, 6, 4, 3, 2, 1, which include wheels in which 
the circular or common pitch varies from ^ iiwh 
to 3 in<^hes, as shown in the following table^ givra 
by Pr rfessor Willis : 



1 
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ClTculnr 


Clrautnr 


i 




1 

ClTDBlSir 




Pitch i.B 


Pilrh to 


Vrilue 


Pitch In 


Pitch to 


ol ™. 


Indies SA<1 




of™. 


Inches iiDil 


ne&reit 




tlecimale, 


one HtXteentH 






aiiCBikEMtitli 


3 




1 


9 


■349 




4 


■785 




10 


■314 




5 


'628 


12 


■262 




6 


'524 




14 


'224 




7 


-449 




16 


196 




8 


-3fl3 


t 


ao 


'151 





Ttis system ia ennvenient where wlieele of small 
pitch ure cmplnyed. and involves lesg calculation 
than the common system. 



Since - —U, we, have 



M = 



There- 



31416 

fore, in the prevtoug table (p. 118) the quantities in 
the third and sixth columns are the diametral 
pitches corresponding to the circular pitches in 
the first column^ and the numbers in the second 
nolumn are the correspond iiig values of m. In 
fitct, this scheme difl'era from the firat simply by 
expreaaitig in small whole numbers the quantity 

' instead of p. 

The following table (pages 122 and 123) givea 
the relation of diameter, pitch, and number of 
ceeth, for wheels of from J inch to five incbea 
pitchy and of from 12 to 200 teeth. Intermediate 
diameterH may be found by direct proportion, by 
multiplying the diameter giveu for a wheel of half 

11 



i 

I 



rmmmmm 

iimiiiilsiiiil 
i mMMimm 



fiiiifiiiiiiiii 

i^iiMifimiiii 



Oil 



„ -f -t "i" O o 'O o I- 1- i-- A 
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■C r- — i 1?: — ij 1 



— CC -H 
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iS .-H -«) 

■ ?M S» SI 



i» « 1— oj icV ^1 5> lO :^ i I - 

ic L- c-i a; ■+ ir: — I L- i-i 

^ a tn .Ij ;s p-ii^ M Si ^ =1 >h 
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- ■« S 'f ' 

Si — n -* in 



ci in r- S) <S c-f "f i^T ^ r— ( ' 
,1- i ■!( (b f-i t- M I- flj 

^ <C3 -il ^ L- c- » X iT- 



■f. i — 

' -^j- kh 



■ f^ -i ■■D iO 



<M 1- .Q = ^ !5 — » o ?i .f: C tc — ■ --c r- W CO 

ih Si m ii ij^ i 1.^ ih i i c« r- ti^ jrr PI ri i i i~ "i I 

rt ^ -TP >n ifi ID ic I- 1- I- X Oj — ■— Ti re -rf rr 50 I- 
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■h gC O <jc I- i -T- 1- O m i i ri » 

0Cil--tTTC7il-JCiXtO-i-Cf'J' 

^ aj ^ C^l ^ « — =1 ¥4 3; 51 If? — to — I M> 
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or a tbird of the number of teeth by two or three, 
or by adding together the diameters given for 
two wheels the sum of whose teeth is the number 
required. For an odd number of teeth, add the 
number given at the head of the table as mnny 
times as may be necessary to the diameter for p 
wheel of the nearest number of teeth given. 

The Principles which Determine the Proper Form 
of the Teeth of Wlteeh. 

The problem which presents itself in the con- 
struction of the teeth of wheels, is to discover the 
curvature which they sliould have in order that 
they shall revolve tlirough tlie action of the teeth 
in precisely the same manner as they would by 
the rolling of the circumferences of their pitch 
lines. 

The general principle by which this uniformity 
of motion is secured is as follows: — When wheels 
in gear act on each other so that a line perpendi- 
cular to the common tangent of the surfaces of 
the teeth at the point of contact passes always 
through the point where the pitch circles out the 
line of centres, they will exert mutually the same 
force, move with uniform velocity, and be of true 
figure. 

Or, in other words, the teeth will be rightly 
constructed when a line drawn from the point of 
contact of the pitch circles to the point of confcac 
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of two tuet)i is a jiormal U> th« surfaces in contact 
in £iU positions of tlie whtwl ami |>inii">n. 

Thus, let fig, 93 represent a wheel ami pinion 
tn ^ear, and let B A, a P be tbe primitive rw-Wi, 
ftnd tberelurti A £ L and A H N the p'tteh lines. 
Then if the teeth touch in c and ii, nnil tht3 lines 
A 0, A If \te always perpendicular to the ctumnou 
tanj^eut to the louobing parts, the teelh will be of 
true figure. 

Epifychi'Utt Teeth 

The epicycloid is the curve Irocetl by a fixed 
point in t)ie circumference of a circle, which roUs 
over or Within the circumterence of anf>ther circle, 
or on a straight line. Thus, let the circle ABC 
be fixed^ awl let the circle G D c ruLl ov«^r its cir- 
cumference, then a point c in. tbe circumference 
of thia the generating circle will detwribe nn epi* 
cycled c, v', f^', c"', without the olrcle a B c. 
Similarly, a point P on the circuniferwnct) of a gen- 
erating circle r o, rolling within the circum- 
ference of A B c, will describe an interior epicy- 
elokl or hypocyeloid r, f\ f ', f' ". 

Tbe remarkable proijerties of the epicycToitl 
which determine its Htnesia for describing the teeth 
of wlieeUiire: 1st, when the generatinj.; circle \a 
half the dinmeter of the base circh^ an*J rolU 
within it, the hypocyclotd in a straight line form- 
ing a diameter of the bnse ; 2nd, if through tlie 
poipti of contact of tbe generating circle and th« 
11^ 
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base, mill ilic i-oiut (li'scrihiiig the cpicj^e 
fitrftiglit litios bf tlrawn, Ukiso straigbt lines \ 
\)e perpf^nrluMibir U> llic curvature of tlm epicycl 
fn>in tlie point O'lntuot B to tlif ileseribing \k 
at thef(e poiJit.^. Tliu-s for exatople, B c'" dra 

Fill M- 



from the point of contact e to the describing pc 
c"'j is a normal to the curve at that point; I 
similarly a. f' i^i a nnrnml to the cnrvf at F\mM 
Suppose in the suiae jilanc thmo cirolosHI 
(fig. 95), which touch each other in the poini 
and whose centres f B n are aonaequently ii 
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straiglit line. Let one of these circles be mmle to 
revnlve round its ueiil^j and force the other two 
tc. iiirn round tbeir centres, which we suppose to 



FLg. 95. 




Ota fixed, moving thcae circles by tbe point 
coiitiimal contact a, common to the three circuni- 
feretiuea; it ia evidtint thiit nil the [mrta of t!ie 
circuniference of tbts circle made to revolve will 
be applied in succession to every part of the cir- 
ciiinferences of the other two circles, in the same 
manner aa if the two circles R and x remaiiied 
immovable, while the tln'rd, y, revolved on tin? 
circuinfi-rencea of tlie other two. Hence, if wq 
suppose a style fixed to the circumference of tha 
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eirck T, movable round its ceutre, the iHree ciralM 
liaviog been obliged to turn by ike molt^in of llie 
one witucb has carried along thre other two; ^tthea 
the Blyle is at k, if each ofthelwo area A c and a h 
be mntle equal t^i the aro A the style will havG 
dtisoribed on itie movabte pUne of the circle R, on 
the exterior part of which it revolves a portion 
£ of an epioycloid. an<t on the mo%*able plane of 
the circle within MtbiL^b we may consider it lo 
revolve, a portion B U of a hypocycloid. [Camua.) 

These two epicycloids traced out at the same 
tiine by the style E alhxeil tu the cirele Y; will 
tou(;h eMcb utlt^r in thf.' poiitt £; for the straight 
line A K drawn through a, where the generating 
circle V tauelies its ba«es R aud I, will lie a normal 
to the two epicyeloids. The safiie will l>e true in 
every position of the circles, viz.; that tbo epicy- 
cloid and hypooyclutd will have acotiimnii normal 
passing through A^. Uence, if K atid K U be tite 
faces of two teetli on the wheel and pinion Band 
X res)^>ectively, the condition of uniform motion 
already given will he complied with, the teeth wili 
be of true form, and if the hyixjcyeloid K u be 
moved by the epicycloid £ 0, or vive versa, the 
wheel and pinion ft and x will move precisely m 
if they rolled together at their pitch circle. 

Wheela usually have their teeth constrncteil of 
6Uch a form, that the flanks or parts witbia the 
pitch circle are tmunded by straight lines radii of 
the pitch, circles. Bearing in mind the property 
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■Tready statefl, t^iat the ti yptx;ycloid deacribed hy 
a generating c;in:!e of linlf the duiineter of tliel»t§e 
is a straiglit lino ft^rming a fliameter of the base, 
we may »o arran^ our generating circle in tie- 
stiribing the teeth uf wheels as %» wmply with i.\m 
aljHJvc rule. By taking a. geijerating uircli;: Y -of 
i1jait«e*er eq«al to tiie radius «f ibe Iwse x, tltc 
liyjxjcydoid k h will be part ■of a rw^iui^ of x ; or, 
in other wunJs, a raflius b h of i will always 
tfHwh the ejiicy-cloicS c E <}esi',rii.iecj without tite 
tinile R, by a g«m;ratitig uinil'e T, of a UianretiT 
equal to lire radius of X. And the s.ngle b e a 
being the angle of a aetnicircle, will always hv- Ji 
right ang^le. That is, the peqiefidicukr tt> th« 
straight line B M, at the jxiint of nonttL-t with 
the epicycloid li c, will always ptysa through A. 

We have bitlierto eapposiHl th^ circles mov^ 
by oonUtLTt at the {mmi A, in order to cxplniii the 
gciieralion of the cpieyo3oi<i c E mvi straight line 
■. M ; but if w-e suppose these iilready dtssuribed, 
tlte former being tix««.i to the circle R, and the 
latter to the eircile i ; thou if E H roil by contact 
on the epLujcloid o e, it will iiiove the circle h 
precisely in the same manner as if the cirola 
were moved by contact at A, 

OonstrucUon of Eplfychitial Tesik. 
Since every tooth in a wheel is of prociarfy 
the same form, it is sufficient to construct a sin- 
pattern tooth of true epicycloidal ourvaturo, 
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which may be used in setting out all the other 
teeth. 

riig. 96, 





/\ 


1 F 

/ 









First meihoti, when the generating circle ia the 
same for wheel and pinion, t!ie faco of the tooth 
an ej.iicyoloid, anJ tho flank a liypocycloiil. 

Constrnet two templets A and B (figs. 96, 97) 
having their faces area of the pitch circle of the 
wheel for which the tijoth is re<_[uiretl, and a third 
templet u cut to an arc of the iuteuded generating 
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circle of tlie epicycloid. Fix a sLeel tracing point 
p in the edge uf the ternjtlct c, ami for conveni- 
ence a board f on wbii.'.}i to draw the tooth, may 
be fixed beneatlj the templet u. Mark off on lha 
board f (fig. 96) the pitrh circle of the wheel D e, 
and tiike distances a b c equal to the piteb of 
the tiKjlhj atid distances a a', h h' equal to the 
ihickuesH of the teeth. li" then the templet be 



Fig 


1 ^1 




-ft ia* 










r 






7^ ' 



placed toaching d, and witli the tracing pfiint ^ 
nomeiding with one of the marks as a, and bp 
rolled toward the point wiil trace out an epicy- 
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cloid a p cm tbe bofird r, which will fiwm «xie face 
of the too^. Sext Irt the point p He matle to 
ooincide with a'y and the templft c be rolled toward 
i>, tb« other &ce of the tooth will be described. 

To draw the flanks, the tempkt A must nuw be 
fixed on the boanl T, widi its i'aoe in uontaut with 
B ; remove B *ttd describe hypocjclojds (fig, 4*7) 
from a »nd o', by rolling c tlte in^de of the 
pitcih circle. 

The leiigth of the teeth ia usually fixed as a 
proix>rtional part of ttio piti.-h, but the least neces- 
sary length may be fouml exj>eri mentally by 
r^lacing the templet B -on the board P, aod 
making p <M}iticid(; with a, roHl c toward K till it 
tiJUchea B in b, the oorrespoudiitg fact of the &e£t 
tooth ; mark then the position of tbe tracing point 
and through tin is point draw an arc from the 
"Centre g of the wheel : this arc will mark the ex- 
tremity of the tooth, and the aru y p will be tbe 
tnifl radius of the wheel. 

This prooesa, whieh^ th^nigh complicated in 
description^ is very easy in practice, must Ikj 
repeated with two templets cat to the pitch c-ii\Oe 
of the pinion, tbe same generating circle c bein^ 
employed ; & simikr pattern tooth will thus be 
found for the pinion, which wiU work with that 
already found for the wheel. The m&u&I custom 
in pracftice is for the TnilWright first to describa 
the epicycloidal and hypocydoidd forms of the 
t&efth required in the wheel and pinion ; he then 
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iidtructs two niudel teetbj one tor the wheel and 
tl>e otlier foi the pinion, aud from the^ he deter- 
mines the true curves, and by means of his com- 
,pji:J6ies transfers the same to the wheels or [jaf-terne 
oil which the?e furms are to be impressed. The 
geaerating circle, it may be observed, imiat not 
xoeol in aize the radius of the pinion, or it 
ould give riso to a weak form of toothy thitmer 
fct the rout than at the pit<^h eircle. 

Second method^ where two generating circles are 
ployed, in ortler tiiat the flanks of the teeih 
may be .straight lines radii of the wheel and 
pinion redpeetivcly. 

It is the usual practice of millwrights to make 
fte parts of the teeth of wheels within the pilch 
ircles radii of the wheel. NoWj we have aeen 
ithat a hypocycloiil deweribod by a generating 
ircle equal in lUrtmcter to the radius of the 
wiicel would be a diameter of the wheel. If) 
therefore, the flank of the tooth of the wheel and 
le face of the tooth of the pinion be described 
y a templet cut to a radius eqtial to half that of 
the wheel and the ilank of the tooth uf the pinion 
ad face of that of the wheel be described by a 
templet cut to a radius equal to half that of the 
pinion, then these teeth will work together truly, 
and will have radial flanks. 

Since it is unnecessary to describe the flanks of 
mch teeth by templets, there will be needed only 
one templet cut to the pitch circle of each, whwl, 
12 
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but templtitd of two generallng- circles are re- 
quired. In other respects the method is identical 
with thai already described. The great defect of 
this method is, that neither the wheel nor pitiion 
wiil work accurately with a wheel or pinion oi 
any other diameter than tfmt for which they were 
originally made, ami thus a vast number of wheel 
patterns tnuat be made to fulfil tlie rcquirernenla 
of pnictice; whereas wheels described by the 
previous method will work equally well with all 
other wheels the teeth of which have been de- 
Bcribjd by the same generuting circle — it being 
understood that only the parts of teeth witliotU the 
pitch circle of the wheel roll on the parts within 
the pitch circle of the pinion, and those without 
the pitch circle of the pinion on those wichiu the 
pitch oircle of the wheel. 

Hence Professor Willid has been Icil to suggest 
that for a given ml of wheels u constant generat- 
ing circle should be taken to describe both the 
parts without and within tlie pitch circles of the 
whole series, instead of making that circle depend 
on the diameters of the wheels. la this case the 
iirst aolutioa must be employed, and the Hanka 
of the teetli will not be straight; but the great 
advantagB is gaiued, that any pair of wheels in 
the series will work together equally well. 

To determine the proper aize of the generating 
circle, we must remember that a tooth of weak 
form is produoed when the generating circle it 



1S6 



fjreat er th an h al f the d i am eter of th e wb eel. 
Hence the generating circle may be best mude of 
a diameter ei^ual lo the radius of the smallest 
pinion of the eeriea wliioh are to work together. 

The Rtick is the extreme caae of a wheel, or 
may be considered as a wheel uf infinite raclimj. 
ft may be deauribed by either of tlie methods 
above, only noting that, if the Houuiid method be 
employed, the generating uirule which traces tho 
face of the teeth of the wheel becomes a straight 
line, and the epicycloid becomes an involute. 

If the teeth of ti series of whi.'ely and of a rack 
bu clesiribed by the same genuratiii^^ circle, any 
of the wheels will work with ei^ual accuracy into 
the rack. 

Involute TetLh. 

Tlte Invfjlute. — The ciurve traeed by a flexible 
line unwinding from the circumference of a circle, 
is called an irivolnte. 

Let p and w (Rg. 98) be the pitch lines ot" a 
wheel and pinion, and let a and b be their centres. 
From A and B dtscril* two circJes D and c, with 
radii a h and b h of the ■wheel and piiiiou respt'c- 
tively ; so that 

Ac:Bc::ad:bc 
fjet m Ti and a p he two invoUite curves described 
by flexible lines nnrullinf/ from the circle.'^ D uud 
c respectively, and ttmcbing at b. Tlien if be, b u 
be dmwa tangents to the uircles at the pointa D 



and C, thin' are ahn in one strnight line, becaiiM 
tSey are b*rth n.tcmals to tbi; curves at It. It mii/ 
also be i-bowTi thai the line c D intersects A B in c, 
where the pitvh lines tf^uuh. Honce wo have 
%UTit\ two cim ves sucli^ thiit tlie line perpcndi- 




cular to their common tangent passes in all posi-' 
biotis of the wheel and pinion through which ia 
iJhe sufficient condition of their uniform motion, 
if moved by llie sU'iiiig of the curves instead of 
by oontact at c. Hence, if the wheels be cod 
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jtTucteil with teeth formed to these i uvol nte 
curves, tbey will work witli perfect rt'i^tilaritj of 
motion. 

In practice, the chief condition to be observed 
is to diminish the presnure on the axes, which i-i 
the chitif defect of this form of tetith. The com, 
mon tnngent sliould be drnwn tiirough c, making 
ail anjrle with a b, not deviatinij more timn 20° 
from a rii,Hit anj^lc. Involute wheels have the 
di>uble ndvanLige that they work equally well il", 
Lliniuijh the wesir of the brndses, the wheels liave 
receded from one nnother; and nny invotute 
wheeta of the s-ime pitiih and similarly d».'RCfit>ed 
— that is, having the «0TnniDn tangent to the base 
uircIeH passing through the point of contact of 
the pUi li hny^: or, in uiber words, tmf*e circlet* 
proporlioiLiJ to i\w }iriiriitive nidii — wit I woi k 
t.ff^ether. 

Mr. UiiwkiiTijJ, the translator of Camus, 
proposed a simple instrument for describing the 
teeth of wheels to an involute curve. It consists 
of a straight pieee of wiiti^b-spriug a {fig. 5)9), 
with a screw at one end, and filed away at the 
e(.Ege£i ao as to le^ve two teeth or trncers, c c, pro- 
jeeting from the eilgea of the watch-spring. At 
b a bit of wire is put through, and riveted, so as 
to form a knot by which tfic spring cata be firmly 
held and stretelLed, as it is unwound from the base 
on which the invuhite is generiiled. This watch- 
fipr'ug ia screwed to tbe edge of a templet A, 
12* 
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of the wheel touch those of the rack in a single 
point — namely, the pitch line of the latter. 

Profuaw Willis's Method of Striking the Teeth of 
WheeU. 

In piactice, the custom of describing the teet^ 
of wheels as arcs of circles, has, from its simplic 
ity, been generally adopted. The methods already 
given, however simple, when adopted in the form- 
ation of a single tooth, become tedious in their 
application to wheels of large size ; and to this 
nmat be lulded the imperfect comprehension of 
their advantages by the millwrights charged with 
the task of ilesigning wheel patterns. 

Circular arcs struck at random, according to the 
jiiilgment of the millwright, are often eraployed; 
and even where better principles have been intro* 
diictnl, it . is common, after describing a single 
toi>th accurately, to find by trial a circular arc 
lu'urly corresponding with its curve, and to em- 
ploy this in marking out the cogs of the required 
whtwi. 

Stving tlio advantages of the circular arc, and 
brlioviug tliat it is not objectionable if only the 
wiiploymrnt t»l' it ia guide<i by true principles, 
PntUwwir Willi!* has riMidered this great service 
to pnii lioal nnvlmnios — he has shown l»ow, by a 
ititnplo WMwirui tiou. tho arcs of circles may be 
Rwihl. whioli, uwmI in the wmstrnction of the teeth 
iifwltinthi, will work truly on t'arh other. 



I 
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r»al A B {fig. lUOJ bs the centres ot a wheel am 
Mnlon, una o tne pomL ol" contact of the pitct 
n'Ttfies on tne line of centres. Through c draw 
f"'; ai auj aii^lti with A B. Ast^ume c as tha 
cuirTc iioni which to describe an are for a tooth 
o' tiie wiiei;! a. Draw c ii perpendicular to c c e', 
j aw* ironi A tttTough e draw A c 1>, meeting D in 




D. Lastly, from H through B draw D B c/mceting 
ccc' in c'. Then a small arc drawn from c with 
radius c c a.s a tooth for tlie wheel a, will work, 
correctly witli a small arc drawn from c\ wii.h a 
radius c' c as a tooth for tlie wheel B.* 

Profeasor Willis recommends 75° 30' as the 
beat magnitude of the angle A c so that Cos. 75** 
3U' — J. It" this angle be constant in a set of 
wheela, any two will work truly together. 



* Willis's " Frint9i|ili<B of Mucbauism," p. 11^. 
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For the easier description of these teeth, Pro- 
fessor Willis has invented the odontography a 
simple inatmmtint of gradunted card or wood, by 
which the position of the centraa and radii of the 
arcs of the teeth can very euaily be foand. Thi? 
instrument* is of the form shown in fig. 101, of 
half its proper lineal dimensions. It has the bot- 
tom edge bevelled off at an angle of 75°. The 
point where this would cut the right-hand edge ia 
the zero of the scales. These scales iire grndualed 
to twentieths of an inchj to avoid fractional parti 
in the tftblea, and depart in each direction from 
the zero, the upper being that employed in find- 
ing the centrea of the flunks of the teeth or parts 
within the pitch circle^ and the lower for finding 
the ceiitrea of the facea of the teeth or parta with 
out the pitch cirole. Tables are given uq lh& 
odontograph for finding the graduation on the 
Bcale corresponding to any given pitch and num- 
ber of teeth. For intermediate pitches, not given 
in the table, or for wheels of greater size, the cor- 
responding numbers saa be found by simple pro- 
portion. For wheels of only twelve teeth llic 
flanks are straight, and form parts of radii of the 
pitch circle. 

In fig, i02, let A be the centre of a wheel, K Jl 
the pitch line. Set off K L eqaal to the pitch, and 



*Profea9or Willta'a Odoiitograiih mftj be obUlaad of 
lCM&rs< Usitzapfel of Louiiou. 
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bisect it in d. Draw radii A E, A L. Place the odoD* 
tograph with its bevelled edge on the radius ae. 
and zeroof ibe scale on the pitch line. Then look 
out in ihe table of centres for the flanks of teeth, 
the number corresponding to the pitcb, and re- 
quirtid number of teeth, and mark off this point h, 




from the scale of centres for the flanks of teeth. 
Then remove the odontogra.ph, and similarly place 
it on the raJiua A L. Find in the table of centres 
for the faces of the teeth the number correapond- 
-ing to the pitch and nnmber of teeth in the wheel, 
and mark it off at /, on the scale Ibr centres of the 
CtLces of teeth. Then describe two arcs from A 



I 
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ara 



and /, with h d ant! / d tin raclii, thef« will form 
llie siile of a tooth. Tlien, rmm il Ifit the pitch 
line be marked ofE* into as mnnj eqoal ppaces as 
tliere are teetli in the wheel, and these be iJivuled 
froponionally to the wi^Sths of the teeth and 
spaces. Through k and/ with radii A A and a/ 
draw circies. Take k tl as a radius, and, placing 
le foot of the compass on the divisions of tba 
"^pitch line, and tlie other in tlie circle drawn 
through k, describe a series of itrcs forming the 
flankB of the teeth. Similarly with radius fd, 
and ojie \Gjr of tlie crjmprtHs on the circle drawn 
^^irou^h/ describe the faiies of the teeth. 

For an annular wheel the samw nilea apply, 
^Bnly that the part of the curve which is face in a 
^^par wheel becomes the flank in an annular wheel, 
and vice versa. For a rack, the pitch line ia 
^■itraight, and a K, A L are parallel and perpea- 
^^icular to it, at a distance equal to the pitch. 

As these odontographs may be purchased in a 
very convenient form, with tables for their use, 
and also with tables of the \vi<Uh.s of teeth, and 
spaces and length of teeth within and without the 
pitch circle, it is not necessary to describe them 
I^^D further detail here. 

General Form ond Proportiom of Theih of Wheels. 

• The following- have been drawn as a seriea of 
wheels and raeka to illuatratG the general form of 
(be teeth of wbeuls. Tiie pitch in fiaa. lO^J, 



13 



104, 



106, and 106 ia one idcK and tfcat in fig. 107 io 
2J inchea. 

In figs. 103, 104. 105, anil 106 the wheel is 19 1 
incbes diameter ; in fig. 107 it ia 13 feet diameter. 

Fig, 103 represents the form of the teeth on 
Profeaaor Willis'a syatem, tlio curves being arcs of 
circles. Fig. 104 gives the form of epicyuloldai 
teeth, struck by a single generating circle rolled 
without the pitch circle for the faces, and within 
it for the Ranks. This is the best system, as any 
pair of wheels so struck, with the same generating 
circle, and of eijual pitch, will work together. Fig 
105 shows the common fortn of epicycloidal teeth, 
the flanks heiog straight. In this cuse the faces of 
the rack are struck by a generating circle half 
the diameter of the wheel, nnd the faces of the 
wheel, being obtained by a generating circle of 
infinite diameter or straight Hue, become invo- 
lutes. Fig. 106 gives the form of teeth described 
as involutes, the curve being continuous, and, in 
the case of the rack^ a straight line perpendicular 
to the tangent to the base circle. In these teeth 
it ia possible to work with very little play. They 
are a good form for wheel and rack working to 
gether, the presaare on the journal* being, in this 
caae, less objectionable. Fig. 107 shows the teeth 
of a large wheel, traced from one of my own pat 
terna, to exhibit the form anri proportion whicli 
practice haa ahown to be desirable. 

In iheae teeth the pitch c d being 2^ inches, tha 
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depth of the tooth or distance ab '\s ths or fths of 
the pitch. The proportions of the parts may be 
piven as follows:— 

Praportional 

Part. Inchei. 
Pitch . = cd = 1-00 = 2^ 

Depth = ab ~ 075 = 

Working depth = a c = 0-70 — Ij 

Clearance ~ e b = 0-05 = i 

Tliickiieas = c f = 0-43 = 1^ 

Width of space = fd = 0-55 = ll 

Piny or/ d.c/ = = 010 = i 

Length beyond pitch line = ag O-'Ab = | 

Taking these proportions we may construct a 
ncjile whicii shall give directly the corresponding , 
nunihers fur any pitoli. Taking a vertical Hue, 
and dividing it into eiglitlis of an inch, we get the 
scale of pitches, (fig. 108.) Draw lines perpendic- 
ular to this, and on any one of them mark off a 
series of distances equal to the cleaiance, depth, 
thickness, etc.. of the teeth corresponding to that 
pitcli. Tlirough o and these points draw the lines 
shown in the figure; they will divide the lines 
corresponding to all other pitches in the same 
proportion. 

It la usual to allow a greater amount of clear- 
ance in small wheels than is necessary in large 
ones. Very varying proportions have been given 
by difterent millwrights, ,'otli. ^^^th. j'sth, and a'ot'* 
of the pitch having been used in different circum- 
stances, even with the l>est milt-work. In the 
Bcalc (fig. lOd,) this has to a certain extent been 
token into account; Vath of the pitch is allowed 
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being made as wilt reduce as much as possible the 
errors of employing this rough standard. The 
former table is to be preferred where it can be 
used, but in other cases the following one may be 
relied on. The left-hand figures in each column 
are inches the right-hand ones thirty seconds of 
an inch, the denominators of the fraction being 
omitted. 
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HitlieTt<> V7ij li^ve cuntiiilL-red only tliat case of 
toothwi wliuelt* in wliit:li tlic pitch lines are in on^e 
plane. We have now to oxamiuo the modidca- 
tions whLoh are necessary when the axes of the 
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wheel and pinion are inclined. It was sliown in 
the preliminary chapter* that in this case motion 
might be transmitted by the rolling contact of the 
frostra of two cones. If, therefore, teeth be ap- 
plied to these frustra, in the same manner as in 
Bpur gearing, they are attached to cylindrical sur- 
faces, bevel gearing will be formed acting on, the 
ciame prinuiplos uf sliding contact whiub we have 
already discussed. 

Let A B c, A c D (fig. 109) be two cones rolling 
in contact ; take any other cone A E c also rolling 
in contact with A B c, in the line A a As these 
locies roll together, the generating cone a e c will 
describe an epicyeloidal surface j? 7 fa on the out- 
ride of the cone A C I>, and a hypocycluidal sur- 
face p I V s on the inside of the cone a c D, 
These surfaces will touch in the line p s, and will 
have a plane normal to their common tangent 
passing through A c. If, therefore, these surfac-es 
be attaclied respectively to the cooea A B c, A D, 
aTid the motion of one eone be communicated to 
the other through the sliding contact of these, sur- 
faces, the motion will b& uniform, as if the cones 
were driven by rolling contact at A 0. 

The curvea p t, p q, lie in reality on the surface 
of a sphere of a radius equal to A c ; but in prac- 
tice, in bevel wheels, a small frugtrum of a cone, 
tangential to the sphere at the circumference of 



• 8«« p. 6fi. § SS, &8. 
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tbe pitcti lime, is auKstituted for tli'; spherioal sag- 
i nient. Thus draw F c G (lig. 109) perpeudicular 
I to A 0, cutting the axes uf the coogs In V and G, 
; Let these lines revolve over the pitnh lines of the 
I uones and describe the narrow frustra. Then the 
j epicyuioidal surfaces may, without sensible error, 
t be Biippoaed to lid in these frnstra, and to be gen- 
I erated there by the revolution of a generating 

I circle c E. 
Inian;{ne the surface of these frustra to be un 
wrapped so aa to lie in one phme, they will form 
' parts of oircitkr unnuli. Thus let A B 0, A c D 
I (fig. liO), be two c;onii!al frugtra; draw f c G ag 
I beforej perpendicular to the line of contact a c. 
I From G, witli radit G H, G 0, and G K, describe the 
. eifcles K U c M, 11 fi; find E'roni V, with radii F 
I, F 0, F Hi describe simihir eirelea £ p, c y, h k* 
( then the surfaces K F B u jind K L N H will be du- 
velopcments of the fruatra l>, B. Jjet these be 
I treated o.a spur wheelSj and Q, c M being treated 
j as the pitch lines, lut teeth be described hy a de- 
I scribing circle iu the rnetbod aheady expla.itied 
for epicycIdiJal ur uthcr teeth. If, then, the plane 
on which thetie have bucn described, and which 
we snpputse uf drawing paper or other flexible 
tiiatcriah be cut ah>ng tlic arcs K P, H R, K h, H ^fJ 
, tlia circular aimuU may be wrapped round the 
; frustra c B, c i>, and the forrna of the teeth traced 
off upon them. 
The axes of bevel whetaLs are iti practice, id 



160 



HACHINSRT OF TRANSMiaSIOir. 



n(.iui 




the great generality of cases, at right angles 
Fig. 110 shows such a pair of bevels, with the 
fr'istra of the extremity of the teeth developed in 
the manner described. 



Skew Bevels. 



When two axes or shafts, which have to be 
oonneoted by bevel wheels, do not meet in direo- 
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tion, it \s u^ual, a& stated id the preliminary chap- 
ter* to iQtroduoe an intcrmctUnte bevel wheel 

T\g. m. 




witli two frustra. But tlie saina objwt can more 
en-sily Ije acci'unpii^hwd by ailnptin^ skew bevels. 

Let B p 5 (fi^. 1 1 1) be tlie plnee of one of the 
tw<t frii.str:i, a Lt>* u^'iitn--. aii*l it Ll«e wIiurteKt tViB- 
taiK'e between the iixiri of \i p ami the axis of 
the wlteet to Vne cuniH^eteit with it, Divide a e in 
c, so tiiat ac : e c :: rrieiiri riiiliiis t»f a B c : mean 
rudius of fruatruin working with ABC. Di-aw 
c p q perpendicular to a e, then c p nr c q in the 
line of action of the teeth, accofding to the di- 
rection in wliieh the teeth are laid out in the 
pinion. 

Figure 112 shows tw * wheels hud oat in tbia 
ninnner ; a as before, is the ecjcientrieity or 
fiiiortest distance iietweeti the two ahiifts, and is 
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df=ce, then d will be the centre of the other 
wheel. From centre with radius / d, diescrihe a 
circle. Then the ilirections of all the teeth in 
ABC will be tangt;iita to the circle dtiaoribtNl 
iihniit a, and the directions of all tlie teeth in 
n ii F Will be tangents to ihe circle ilesL-rilwil 
about /. Fig. 113 bIkows two tiuch whec'ls in 
gear, the eccentricity permitting the shafts to patiid 
each other. 



rif. iiL 




The TTorm and Wheel 

By this Contrivance the motion of a screw ia 
'^liummunicftteJ with great smoothness to ybli<|ue 
teeth on a apur wheel. 

The fleetitju of a screw through its axis ia pre- 
cisely flimiljir to that of a double rack. Let A B 
be such a aectii>n, and for simplicity HUppose that 
the form, of tlie tlii'emta icf tli ■ screw haa been de- 
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tcrmined by one of tlie rules already givon 
raoks. Then llie teeth of the wheel c i> s may 
evideotlj be formed 30 as to work with tlie een- 



tre aection of the screw. Now the effect of the 
revolution of the sorew ia precisely Rrmllar to 
that itf tha rack's, and the sectimis of tho tliroatlfl 
nf tho aurt5W will ap]ieiir tu 1-iuyel Ifotii end Uf 
endj in tliy sfltne wny as n rai.!k pUHh^d forwanl 
m tlie f^amei direction. Tf, thFrefure, it is sulli- 
Oient tliiit this wlii'el ti-i'th he in i-onlaut with thf 
Koriiw rit i)ru^ puint (Hily. tJio tt!Otlt nf rhi? wUixl 
ni.'LV hi: nifiih' uliNqni^, hut wtnufilit, tin- ohiiqiiity 
bwinir et[iv.i\ tu tin* [iit<-h nl' Llii.- SLTfW. Tliis is 
the iisiitil ]ir!iutii-i: of Tnillwri.ifhtH. IT. howf^-^-r 
the tceLli aro ;-'-'i[iiin<l to he in contarit will* tlKi 
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entire breadth of the tooth, tlie outline of the 

tooth mu.^t vary in every nectiun of the wh^etl, 
anil ihe ^rotiess of describing these teeth beottinea 
very compieit. Fracltcally, the difficulty haa 
heen overcome by first making a pattern screw oi 
steel, notched in the threads to convert it into a 
etilling instrument. The wheel is then roughly 
cut out, and being fixed in a fraote, the screw is 
used to cut out the spaces between tite teeth to 
tiieir true form, 

1^ Slrenyt/i nf the Tixth a/ Wheels, 

The pressure on the teetli varies directly as th« 
borse-power transmitted and itiveraely as the 
vehxtity of rtivolation. Thus if one wheel transmit 
5 horae-power and another 10 horae-power at the 
same velocityj the strain on the latter will be 
iwliie that on the former. Or, again, if two 
tdieels transTnit the same power, hut one at a 
Telocity of 100 feet per minute, and the other at 
only 25 feet per minute, the strain ua the former 
will be only one-tburth that on the latter. 

Let V be the velocity in feet per second, H the 
Dumber of horae-powcr tranainitted, then th» 
total pressure on the wheels will be — 
_560h 

V 

where P is the statical pressure in !ba. 
Fc»r example, suppose tbe dy-wheel of an 
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gine to be 24 feet in diameter, and to work into s 
pinion 5 feet iliiinieter. An^l It;!, the work trans- 
mitted be 150 horse-power. Then, if the wheel 
aiiibtja 25 revuJutions per minate, the periphery 

.7i3-4 X 25 



will move at a velocity of 



60 



— = 31-4 feet 



per second; and the statical pressure on. the teeth 
„aibe^^ = 2627 lb.. 

In addition to statical pressure, however, a dif- 
^efetit element has to be taken into account, name- 
\y, tlie impacts due to sudden accelerations or re- 
tardations of apeetl, The allowance which must 
be made to pt'cvcut accident from this cause 
vaiies eatceedingly in difterent kinds of ma- 
chinery. It is great in the gearing of rolling 
mills for instance^ and in all machinery in which 
L-he strains are irregular. 

Ill calculating tlje strength of the toothy it haa 
been usual to consider ft 
aa a short beam fixed at 
one end, and haviag the 
whole of the pressure ap- 
plied alung the extremity 
of the tooth. Bat there ia 
a poaition in wliicli the 
teeth may be subjected to 
a geverer stress still ; ow- 
ing to the wearcf liriissea 

apd tcethj we cannot calculate upon the etraiD 




bearing always on the whole breadtb of ibe tooth. 
The pressure may not only come on to the extre- 
mity of a tooth, but if any obstruction come in 
between the teeth, it may be thrown entirely upon 
one corner of the tooth. In such a case it nifiy 
be shown, by the rulea of maxinm and minima, 
that if EC= aBi, the greatest stress will be near 
the litts E B, 

Tredgold has expreaaed the strength of a tootb 
on this supposition by the fonpula 

where d is the thickness of the tooth. To allow 
for wear, however, he adds one-third, so that 

5 11.25 
In cast-iron /= 15,300, and hence 




Or in words, the thickness necessary for the too) ' 
in inches ig equal to the square ruot of the stre.i3 
on the tooth in pounds divided by loOO. Hen^^^d 
Tredgokt has computed the following table, the 
breadths of the teeth being deduced, on the prin- 
ciple that the stress should not exceed 400 Ibei, 
per inch breadth : — 



i(M MicftiVKbT or ntAiTBxnsioK. 



Tablr of Thickkhis, Brbadtr, and Fitob of TrarfB o# 

Wheels, 



tba pilek Hue. 


1 nioBuom vi UNSui 
Inlnehw. 


Inliieliai 




400 


0-52 ' 


I 


11 


8U0 


0-73 


2 


1-6 


1,200 


0-96 


3 


1-9 


1,600 


103 


4 


2-2 


2.000 


115 


5 


2-4 


2,400 


1-26 


6 


2-7 


2,800 


1-36 


7 


2-9 


3,200 


1-46 


8 


30 


3,600 


1-56 


9 


3-3 


4,000 


1-64 


10 


3-4 


4,400 


1-70 


11 


3-6 


4,800 


1-78 


12 


3-7 


5,200 


1-86 


13 


3-9 


5,600 


1-93 


14 


4-0 


6,000 


200 


16 


4-2 



To use tills table when the horses' power trans- 
mitted by the wheel are known, the reader muat 

refer to the table on page 172. 

Elsewhere Tredgold has given a rule of the fol- 
lowing description : — 

(i = I . - for caat-iron, 

where d is the requisite thickness of a tooth to 
transmit a force of h horses at a velocity v feet 
per second. 

Hence Tredgold's last rule for the thickness of 
cast-iron teeth is as follows — *' Find the number 
of horses' power transmitted by the wheel, and 



I 
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divide that number by tlie velocity in feet per 
aecoiul of the pitch line of the pinion or wheel; 
Rxtraot the sq^urtre root of tlie quotient, and three 
fourths of this root will be the least thickness of 
cast-iron teeth for the wheel or pinion." From 
thia he derives a second rule for the piteb, which 
maaifeatlj depends on the thicknesa of the tooth, 
Tiamely, multiply the tbicknega of the tooth by 2*1 
and the product will be the pitch. The same re- 
oult maybe obtained from inspection of the tables 
I have given at page^ 154, 156. Wooden teeth 
h^ recommends to U. made of twice the thickness 
of cast-iron one.s. But one-and-a half times the 
thickness ia a eufficient allowance. 

A writer in the "Engineer and Maehinista' As- 
sistant" deduces another but equally simple rule 
for the thicknesa of teeth ; be assumes the rela- 
tion 

t — c ; 

where i is the thickness of the tooth, w the pres- 
sure on the tooth and c a constant, depending on 
the nature of the material. Let then a be the 
strength of a bar 1 inch long, 1 broad, and 1 thick. 
Tben, to support a weight W by a bar of a length 
I, and breadth b, 

suppose the breaiUb of the tooth to be fixed si 

twice its length | 
lb 



Taking a — SOOO lbs. for cast-iron. 2 a ^ 16^00 
lha., but aa this is tLu breaking W'eight, the ssi£«d 
working-presaure will be only 1600 lbs., and tb« 
thicknegs of the tooth for safe working will be for 
cast-iron : 



1600 

Where w being given in Iba. t ia found in inchea. 
Similarly for other materials he obtains: 

c = "035 for brass, 
= "038 for bard wood. 

For e:xampte, in the wheel aseumed at 166, 
W was £>uiKl to be 2627 Iba. Heiii:e the nece^dary 

thickness of the tooth, if of cast-iron, would be 
'025V2627 = 1-23 inches. Eeferring to the tables 
of the relation of pityl^ etc, we find thut the whe*l 
must be of 2| inchea pitch, the teeth of 2"1 inchea 
length, and the breadth of the wheel 21 X 2 = 4:'2 
inches at the leadL By Tredgold's latter rale, the 
Ehickneaa of the teeth for the same wheel wonLd 

be ( = ? ^ !^ = 1-41 iaehes; the pitch 
= 2'l X l"-il = 3*() ineheSf and the breadtU 

400 ^ 
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B^ariBg m mind that w = — —f where H i9 tnt 

maximum horse-power transmitted, and v the velt> 
ct&y tL« (»Lcli Hue of tltti wbeel ia feet [lar se- 
cond, we may give the»e formulsa in a Jnor* 
coBveuient. form : 



Wliere a = (VSSJ fi>r oaat-tron, 
" = 0-821 for brass, 
" = 0-891 for wood. 
Conversely, if a wheel having teeth t inchei 
tlkick be given, ihe horse p4>wer ft is capable of 
tranamitting is given by the formula.: 

Where s? = 3^ for cast iron, 
= (^674 fi>r brass, 
" = fr795 fur wood. 

From the following tatile the pressure at otbef 
velocities, and with another amojqnt of horse-power, 
may be obtairjed by interpolation, remembering 
that the pressure varies inversely as the formefj 
£LDd diirectly as the ktter. To this we have ap- 
pended another table^ giving the horses^ power, 
which can be safely tranaraitted by wheels of dif- 
fereat pitches when proportioned accordinv to the 
table at page The last of di^se tabloa has 

been calculated on the asaiimption that 400 i^ba 
per inch tj the greatest working stress whiob i* 
conaietenii with durability in ordinary cases 
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ffmBKQTH ANU PR0P0RTI0K3 OP SHAFTS, IT 



CHAPTER m, 

OK THE BTBRMaTH AND PROFORTIOHS Or SHAPTJ. 

The systera of transmitting power from a coin 
inon centre to & large utimher of machines, at 
aome diatance, is comparatively imo^iern. In the 
operations ol" spinning and weaving by a consecu- 
tive series of rnaGhineSj planed in rowSj, shafting 
became essential for dlstribnting the power of the 
commoQ prime mover. At first, the machines 
were brought aa close to the prime mover as pos- 
sible; and the early conatmctioo of mills — wher 
the water-power was divided into separate falls — 
must ba fresh in the recollection of many persona 
now living. In some cases, before the introduc- 
tion of the steam engine, it was tln3 cuatom tc 
have a separate water-wheel to every machine, 
thus splitting up the power into as many parts as 
there were machines, or paira of machines, to 
drive. In process of time, it was fonud more coU' 
yenientf on the score of economy, to husband the 
water and concentrate the prime movera; hence 
one large water-wheel was constructed, around 
which the machinery was arranged, either in rows 
or otherwiBe aa best anited the work to be per 
formed. 

This principle, of the concentration of the mo 
tive power, destroyed the old ayatem of separata 



boiHinga, and led to the employment of a laigfl 
nnmber of machines for tbe various processes of 
manu&cU&re in one bailding. From ttis we de- 
rire ihe Factory syetean, iu which any number of 
process^ are carried on, the macliinery being (lis 
tiibuteil oTer the {iifFerent floora of a large build 
I ingf and receiving motion from a single prim^ 
mover at a convenient distance. In this wny, tbe 
power 13 conveyed by lines of ahafting coapled 
together in letigthe, a<lapt«d to the bays or divis- 
ions of the building. At first, the buildings wera 
I sbort, and shafting of great length was not re- 
i qaired ; gradually, more and more maebines were 
I concentrated in the same building, and sbafling 
! 200 or 300 feel in length becnme nece.«;Rary. 
abow to what an extent this system has been ca 
ried, it may be mentioned that, in the large mills at 
SalUiire, the shafting, if placed in a single line, 
would extend for a distance of more than Ivfo 
miles. This progress baa been chiefly due to the 
introduction of the steam engine, in place of waU^ 
wheels, because the available power is no long^ 
liinite+l by the circumstances of the locality iu 
wliijiln the mill is placed. || 
This concentration of ft great nnraber of ma- 
chtnes in one building ia peculiar to the Factory 
BYstem ; and in the present highly-improved state 
of nieobanical science and its application to the 
production of textile fabrics, it has become esseu- 
li»l to economy in the manufacturing prooear- 
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thftt thoj s)inul(] he carried on in tlie samo build- 
ing. Spinners and manulacturers are fully aware 
of the advantages peculiar to this system of con- 
cieiitration, so much so, tlnat out of wltat would 
formerly have been conftidcred a mere fractional 
saving, large profits and large fortunes are now 
made. In fact, tho amalgamation of the difTsrcnt 
procfessos under one managerniint and under one 
roof, gave rise to the shed Bystem, where the 
operations of the manufacture of cotton are carried 
on under what is called the "mwtoot/i" roof, in 
order to bring the whole on the ground-floor 
under one inspection. 

1. Tfm Mnicrial of which Shafting ia consirucisd. 

PP The selection of tbo material for shafting is of 
great importance, and the uses to which it ia to bp 
applied require careful consideration. Formerly 
wood, with iron hoops and gudgeoaa, was univer 
aally employed ; then cast-iron was introduced 
and subsequently wrought-iron haa in moBt cvLma 
superseded bott. Wood, indeed, has becomu' 
obsolete; but cast-iron is as good aa, if not superior 
to, wrougbt-iron, in certain cases. The main and 
vertical ahafta of a mill are generally of cast-iron, 
both on account of its cbeapneaa, and its bigh re- 
siwtance to torsion. Tho vertical shafts, which 
convey the power from the first motion wheels to 
the different rooms of the mill, are more rigid 
and leas aubject to vibration when of cast-irou; 
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even the main huriaontal sluifling, when of large 
dimensions, is, if substantially fixed, quite as gooJ, 
when of tlae same material, and much cheaper 
than wrought-irun. Where the shaft ia exposed 
to impact, or any irregularity of force, wrought- 
irun has the aupcriority ; but in otber oases, when 
the castings are sound and goodj cast-iron inay be 
employed with perfect safety. 

The dimensions required fur a ahaft^ transmit- 
ting any given force, will depend on the reaiatanee 
of tha materia] of which it ia eoraposed. Conse- 
quently, the selection of material must be deter- 
mined by the neceaaity for aErength. Shafts may 
be GonBidered aa subject to two forces : a force 
producing simple flexure, arising from their own 
wcigh^ the weight of the wheels and puUtjys, and 
tl>B strain of the belts ; and a twisting force or 
torsion, arising from the power transmitted. If 
the floxure be great, the brasses will be m.ucli 
worn, vibration becomes considerable, and the 
drsintegratioTi of the machinery goes on in au 
accelerating ratio; it is therefore necessary to pro 
portioD shafting to the simple weight and direct 
transverse strain it has to sustainj so as to reduce 
the flexure within exceedingly narrow limits, 
Tn addition to this, the shafting, having to trans- 
mit a torsive force, must at least be capable of 
tranBraittiflET it without danger of rupture. In 
long and light shafting the tendency to flexurs ia 
usually greater than that to rupture by torsioD 
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the former consideration will tberefore determine 
the size of ihe sbatl. In short axles, etc., the dan- 
ger from flexure almost disappears^ and the 
strength of the sliaft is determined by its resist 
ance to torsion only. In all cases both conditions 
must be complied with, if security and permaneaco 
are to be obtained. 

2. Transverse Strain. 

Eesiatancs to rupiurs. The general formula for 
resistance to rupture, in the case of a bar or beam 
supported at each, end aad loaded in the ceatre, is 

adc „, 
W=-j- ...(1), 

where W ia the load in the centre, a the area of a 
aectioa of the bar, perpcQdicuIar to the length ; d 
the depth of the bar, and 1 its length. In this 
case c is derived from experiment, and ia constant 
for siinilar bars or beama. 

For rectangular bars this formula becomes^ 

w = -^ ...(2). 

where 6 is the breadth and d the depth. 

The value of e, for rectangular bars found by 
Mr. Barlow, for various materials, is given in tha 
following table. Iti applying these numbers to 
calculations, it must be remembered that a and d 
are to be taken in inches, and 7 in feet; then vi 
the centre breaking-weight, is found in lbs* 
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Mi hea the beam is supported at one end and 
kwdod ftt the other, the formula is 

Vaiue qfefwr d^ereiU Ifatenala. 



English Malleable Iron 2050 

Cast Iron 2548 

Oak 400 

Guudiui Oak 688 

Ash 675 

Pitch Pine 544 

Red Pine 447 

Riga Fir 376 

Mur Forest Fir , 415 

Lurch 280 



lu tuy own experiments* I found the value of 
c tor cast-iron to range from 1606 to 2615, the 
moan value being about 2050, as given above for 
malleable iron. Wrought-iron ranges from the 
value given above to 3000 lbs. 

For oyliiulrical shafts supported horizontally 

the ultimato lesistanee to rapture is about 

1600d», ^ . 

W = 1 for wroaght-iroQ, 

1200rf«, 
= j — for oast-iron, 

where W is the oeutre-breaking weight in lbs, d 

* on Afplitatvm ^ CoM and Wrmiglit-hm <■ BmUng 
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the diameter, and / iho length between aupporta 
in iucbes, the shaft being suppurted at thu ends 
und luuded in the middle. 

If the cylindrical shaft be loaded at one end 
and supported at the others, these Ibrmulso beooiiia 

. 375 

-Rr = ~- for wrought-iron, 



for ciuit-iron. 



-300 d* 
~ I 

If a beam be uaiformly loaded over its entire 
length it will sustain twiotJ the load that would 
break it if placed at the centre. 

If the load be placed at any point intermediate 
between the centre and the ends, the breaking 
weight may be found by the following rule: — 
Divide four times the pruduot of the distance ia 
feet^ of the weight from each bearing, by the 
whole distance in feet, and the quotient may be 
Bubatituted for the forniulBB above. That is, 
if X und y be Itg distances in feet from the two 
bearings respectively ; 



From these rules the strength of shafts may ha 

calculated, in all the cases of ordiiaary practice, 

where the tendency to transverse fracture haa to 

be guarded against, making the actual strength at 

leaat five to ten times the strain to be carried. 

In tihafVingj however, it is not usually the trana- 
16 
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verse riipturo, but the flexure produced by late 
BtresSj whiuh limits the size ol' the shaft stifinesa 
in Tact tuteomes, in these cases, a more important 
otcinent thua strength. 

The following formula has been given for the 
Jefleotion of bars or beams loaded at the ceatrd 
and supported at the ends: — 

Let, d be the depth in inches ; 
h the brcndth in inches ; 
L the length betwecD supports ia feet; 
w the load in lbs. ; 

S the d(iflec!tion at the centre in inches; 
u the mcxlulus of elasticity ; 

and If 6 = a,— 



ihcu : — 



w = 



432 L* TO- 



MS 



or 



432 L* 



MS 



■{*> 



Or, in words, multiply the product of the load 
in lbs., ftnd the cube of the length in feet^ by 432, 
and divide by the product of the modulus of elas- 
ticity and the deflection assumed in inehes ; the 
fourth root of the quotient will be the side of a 
shaft or square section which would deflect a 
inches with a weight of w lbs, placed at ita 
centre* 



* Ei>pi'a«r and MachiniH''e Aittlilant, p. 135, from which 
rormuliB (4), (S), (Ij), to aud (23), iu theb pressnt 

fl(inT«iii«int form for practioAl u@«, have be«D qtioted. Tho 
futidameiital formalA, how«Tar, la due to Youtig {,Xat^ 
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The following table gives the values of the 
modulua of elasticity fur various inaleriala : — 

Cast-iron I3,000,tt0» to 22,907,000 

" " mean .17,000,000 

Malleable iron. . .24,000,1X10 to 29,000,000 

Steel . . , 29,000,000 to 42,000,000 

Braea * .8,930,000 

Tm , 4,608,000 

Afth.„..„ 1,600,000 

Beech 1,353,600 

Bed pine, mean 1,700,000 

Spruce, mean. , , ..1,600,000 

Larch 900,000 lo 1,300,000 

English oak 1,200,000 to l,7fi0,000 

Amoriean oak.. 2,150,000 

Fur a cylindrical shaft, the same formula will 
upply with another constant. I am not awara 
that thia hm been experimentally asoertaineclj but 
it is given by theory at 733. 4. Heut^e, for cylin- 
(liirsl shafts, 



734l'w , 
d* ^ — -— — or a 



•J 



734 L'w 



■(5). 



In the work just quoted, theao formulae have 
been simplified, by fixing a maximum value for *j 
the deflection. The writer as-sumea that, will] 
fihailing, the defloction ought never to exeeed rio 
of an itieh for every foot length of the shaft. 
Substituting tKis value, and also the numerical 



Hitoi., vol. if., art. 3:^6), and to Tredgold (Btteagtli of Cnst- 
Utyn, p. 20S). 
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value of tin moduloa of ebintiuitj, lie obtains the 
following fivmola: — 

1. F(/r toooi^— taking m generally = 1,500,000, 
and 3 = inches. 

Then, &>r square shafl^ d being the depth of 
the aide of the aqoare — 

And fix roand ahaft^ d being the diameter in 
inche^^ 

2. For cMi-HW— taking k = 18.000,000 lbs. 
and L aa before — 

For sqoare eeetioD, rf* = ... (8). 

For round section, (f^s: "240" "" ^^^* 

3. For tinvu^A^mm— taking m = 24500,000 
lbs. and * as before — 

For square section, ct* = ••• (10). 

For round section, rf* = .,. (11). 

By transpodtion, the formuhe given abova 
beoome^ — 



STBENCfTH AlTD PBOPORTIOltfl Of (MAFIB. 18ft 
tbrwtod— 

Square section, l = J ... (12). 



w 



35(2' 



Eound section, l= J.??:^. ...(18> 
w 



w=-?^...(U, 



Square seoHon, l = Jit?^ (16> 
412 

w= —...(16). 

Bound seetioD, l ^^^^ .^ ... (17). 

^ w 

ii-...(18). 

Mhr wrought iron — 

Square section, L =J567 d* ^^i^y 

Eound seotlon, h = J??i^*...(21> 



w = 



w 
334 



16* 
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When the weight is unifurmly distributed ovei 
the length of the shafl, the general formula is 

rf. = ?!0i^orrf=3?!2^;..(23). 

Substituting in this equation the same values 
of H and i as before, we obtain the following for* 
malse: — 

h* w 

/iw toood — d* — -gg- for square shafts. 

d* = -gg- for round, shaftfl. 
Ij' w 

Far cast-iron — cJ* = for square shafts. 

rf» = for round shafts. 

l' w 

For wrought-iron = for square shafts. 

d* = for round shafts. 

The following tables for cast and wrought-iron 
round ahafting, are calculated from the formulaj 
(9) and (11) for weights placed at the centre of a 
shaft supported at each end. In using them for 
cases in which the weight is distributed along its 
length, as in the case of the weight of the shaft 
itself, it must be remembered that a distribnted 
weight produces §ths of the deflection <^ the sams 
weight placed at the centre. 
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From tlie foregoing it will be seen, that the 
weights given in the tables are correct indicalioQa 
of the loud required in the centre to produce a 
defleetion of the jVoo of the leugtb of the shaft* 
This fraction is not however the universal stand 
ard among millwrights', on the contrary, there 
appears to be no recognised titaudard in practiee, 
by which the defleetion from a given weight can 
be aseertained^ and although la'oiff ™^yi many 
caaea, give a larger area with increased weight, iu 
ehafla that are not heavily loaded in the middle, 
aevenhelesa it is important that the shafts, when 
loaded as above, should not bend more than ■jjVb 
of tbeir length. In eases where the load is light 
and equally distributedj lighter and smaller shafts 
vould autfico. 

The following tables give the deflection of 
cylindrical shafts with, their own weight : — 



Table 3,— Deplkotiom Anisina frok the WsiaaT o? Tag 
Shaft. CAsr-iicoii Cvlindrical Shafts. 









j>lam«tar of Sb&f[ ia lD(h«i. 






Langitb biitiWeen 




















b^iLnga In 






















1 


a 


4 


f 


B 


10 


IS 






SB*. 




laa. 


km. 


inf. 


Jul 


Iu. 




Ids. 




6 


■004 


■001 


■0(K) 


■ouo 


•000 


■000 


■000 


•000 


■ooo 


10 


•067 


•017 


■004 


■002 


■OOI 


■OOJ 


■001 


■two 


■ouo 


15 


■338 


■085 


■021 


■009 




■003 


■002 


■002 


■iwi 


20 


1-067 


■267 


067 


■|}20 


■tin 


■ou 


ml 


•OO^j 


■004 


25 






■lfi3 


■073 


■m 


■m^ 018: 013 


■OH) 



* This Btaadsrd ia iha one asanmeck liy Tr>t>dgqld (Stt^rngtb 
vr Caat'IioQ, p. 210). 
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Siun, WtoucHT-lBnir CTUKORicAt. HjBJkrts. 



liHL. 



15 

25 



Ln*. 

-tn;-t 



i la la u II 



lot, Ids. lav. Inn^ 



■WW -016 



(KIT 
055 



0I>4 

ma 

■U31 



■020 



■tm 
m2 

■013 



lua. 



ooel 

■001 



004 -eoa 

■OlOi-008 



The abo-Te tables clearly indicate the deH^ctioa 
uf aliat'u^ of diltljTeut lengths by their own weight, 
and will l>e a guide to the millwright in calculat- 
ing the distiLEnie of the bearings boiweea which 
they revolve. It is important in abafUng, when 
extended in long ranges, that there should not be 
any serious deflection, either from the M'eight of 
the shaR;, or lateral stress; I have always tbuod 
that a stiff shaft, altliongh hii^Ayier in itself ia 
lighter to retain in motion than a smaller one 
ivhich bends to the strain. 



3. Thrsion. 

In addition to the lateral flexure from trans- 
verse forcfS, shafting ia subjected to a wrencliing 
or twisting, from the power transmitted acting 
tangentially to its circuniference. Thia causes 
one end of the shaft to revolve iu relation to the 



olher end, through a smaller or greater angle 
kiLOwn as the angle torsion, and if aufHcittnt 

force be applied, this angle increases till the 
resistance of the materiaJI h overconne, and the 
sUaSt gives waj. 

Coalomli laiil the haaU of our knowleiWc of ihn 
resistance to tor^ioa of cy\\ni}r'nMi\ hn<}im, and \ie 
veriBeJ bia theoretical detl actions by admirably- 
contrived experiments, on a sniiiU scale, lie 
showed th&t in wires where tVie di^iineter is amaW 
m relation to the length, the angles of torsior 
Jure in proportion to the length, and reciprofsiny 
pcoportiDikal to die raomeat of iRertiu of the ba^e 
of the cylinder in relation to its centre. He also 
diaeoyered that each wire acquired a permanently 
BGceleratioQ- varying tormoo, according to the 
gree in which it departed from its primitive poai' 
tkoiv ^i^^ ^1^^^ these permauent torsions Lave tio 
fixed relation to the tetnporary to!'git>i>s, coexist- 
ing with, the application of the moving force 
With the same wire he found the torsion to be in 
proportion to the force applied; with the Haune 
length and force inversely as the fourth power ul 
llie diameter. 

These deductions are expressed by the follow- 
ing formula 

2r w? 

X -r 

nQ r* 

where s is the angle of torsion, r the radius, and 
the l^Dgth of the wire, r the leverage at whicb 
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tbe weight w acts, and o the modulus of torsion 
for the material ; being about ^ths of the modulus 
of elasticity. 

In 1829 a paper was communicated to the 
Royal Society by Mr. Bevan, eontaiuing experi- 
mental determination a of the modulus of torsion 
for a large number of substances, of which the 
most imporEant are given below. 

Let 8 be-the deflection of a prismatic ahafl of a 
given lengtli I when strained by a given force to 
in lbs., acting at right ungles to the axes of the M 
prism and at a leverage r ; let d be the side of the 
squai e section of t\ie shaft, I, r, ^, d being in iuchs. 

r'lw 



[ 

I 



a = 



where T is the modulus of elasticity in the follow- 
ing table. 

If the transverse section of the prism be a 
parallelogram, let b be the breadth and d the 
lepth, then Mr. Bevn-iu givea the formula' — 

If the torsion be required in degrees (a), then let 
= 67-29578, 

rplio 

A =3 , for square shafla. 

For example, 

A = giQgjJ^ '"^^ wrought iron and sted, 




i 
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lOT cast-iron. 



~ 16600 

A very careful experimental study of the effeot 
i)f torsiou on varlou-s materials has been made by 
Mr. M. G. Wertheijn, auil waa presented to tha 
Acad^mie des ScienGea in 1855, The general re- 
sults at which be has arrived may be stated aa 
followa : — 

1, Tbe total angle of tijrsion conaiata of two 
partSj of which one is purely temporary, whibi 
the otber persists nfter tbe force baa ceased to act. 
It IS not posaible to asaign tbe limit at wbich the 
permanent torsion begins to be sensible, nor baa 
it any fixed relation to tlie temporary torsion ; it 
augmeats at flrat very slowly, afterward more 
rapidlyj till the bar breaks.* 

* We have manj praatiual instauces af thia tendencjy to 
ruptars vliich at Urat appear only temporarj, but a oon- 
tiniiation of th« aame actiou, particularly in long ranges 
cif fiUafts, in proceaa of time, developug itself in the form af 
& p^tma.ita'nt dt^lerioration which nUimatuly ]«ada to frao- 
tuiTH. Thia WBts strikingly ejceuipuiind Ea & ra.iig'S of shafts, 
224) feot long, tapering from three iuehe^ diameter at tti4 
drivinii; end, to two inches diamuter at Ihtf ollmr. 

The w(irk done hy theaa shafts was uniform throughout, 
but it was Buon fouuil that tha shaft had tnade uenrly 1-lU 
r«Tolulioii» at the driven end of Ihe room, hefore it bagatk 
to luorB at tho other. The rttault wha a uuutiuuvd aeriac 
of Jurks or ae<!eliarattid and retarded motion, iujuriaun ta 
Ihv maishmerf, aad dei^ti iietive to the work it Jiad Lo [wr 
fprtJii. It «aH, moreover, injurious to lha eliafta, particB- 
larlf in the laiddte, where the twint waa severely felt, lad 

17 



Tablb 5.— Valubs or Modulus of Torbton A.ocoRiitjid to 



MAterl&L 



Ash 
Beech 
Elm 

Scotch fir . 
tiombcam 
Larch 
English Oak 
Memel piDS 
American pine 
" ik 

Tcab, Africap 
Irnn, Euglisli wrought 
Steel 

Iron (cylindrical) 

" (square) 



Oaat-irou 



Bell metal 



tti ho 



-86 

•58 



Modulua or 

i •Jim I V U I 

ITJ. 




Ibi. 








21.243 




lH.ftOO 




13,700 




26,400 




le,9fi7 




20,000 




lft,0OO 




14,750 




16,800 


Old and parti- 




»lly decayed. 


27,300 


1.775,000 


(Mean.) 


1,75^.000 


(Mean.) 


1.910,000 




1.700,000 




17,000 




1,607,000 




1,951,000 




940,000 




9(i3,000 




952,OCW 




951,(i00 


(Mean.) 


t!L^,000 



2. The temporary anglea are not rigorously pro- 
portional to the momenta of the forces applied. 

3. The mean angles of torsion are not rig-orously 
proportionnl to the length of the bar, increasing, 



(TDiild have led to rapture, but from the cintuiQstaoaa 
tbal thajr hnd to ha renewed with a stiS'er aod Btrotldal 
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although very slightly, iti proportion to the length, 
as the bars are maile shorter. 

4. The interior cavitj of all hollow homogene- 
ous bodies diminish by torsion, nnd this dimicm- 
tion is proportional to the length and to the square 
of tlie angle of torsion for unity of length. 

5. For cylindrical bodies Mr. Wertheim gives 
the following formulffi : — 

Let * be the mean tempomry angle of torsion, 
for 

I P = ^ kilogramme, and 

I Z = 1 m^tre; 

p = the smjQ*of the two weights producing 
^^^^^ torsion and conatituting a couple in 
^^^^^K kilogrammes 

^^^f^ R = the leverage at which the weight p 
acts 

1= length of the bar subject to toralon, in 
millimetres \ 

^^^^^ r=lhe exterior radius of the section of 
^^^^H the bar, in Millimetres ; 

^^^r^ ri=tho interior radius of hollow bars, in 
millimetres ; 

^^H^ B= the modulus of elasticity of the mate- 
^^HHk rial obtained from e:£periments on 
^^^^^^ tension. 



* In Mr. Werthe'lm'ti axperinieDti equal wei;.lil9r acting 
in opposite ilirectioua n.t tha aaaie l^rnrige. ware liong one 
on each side of tbe bar, eulijvctHd lo torsion. 
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Then for solid bars: — * 

180 pR ^ 

8 ' «' * B ' f* 

and for hollow cyliadera 

_16 180 ^ ? 
* ~ 3' ■ «• * B • 1* 

In tlie following experiments, p = 1 kilo 
gramme, R 247-5 millimetres, I = 1000 mill; 

metres. 



BbsDHE of ExrBRIHRNTS OV CyUNDEKB OF CIRCULAR 

Srctioh. 





Material. 


Radius 


Coefflclent 
of elastt- 
tttty, E. 


Uean angle of tonion. 




r. 


By flwmula. 


Byexperiment. 


— 

1 

2 
3 
4 
5 
6 


Iron 
Iron 

Oast steel 
Copper . 
Glass 
Glaiis 


mm. 
8-220 
5-501 
5-055 
5-031 
3-535 
3-4225 


17,805 
II 

19,542 
9,395 
6,200 

41 


O ' It 

17 461 

1 28 0-8 
1 53 12-0 
3 59 591 

24 51 56 
28 18 2-0 


O ' II 

17 52-1 

1 26 31-3 
1 51 13-4 
3 54 6 

24 15 34-7 
28 30 14-0 



The accordance, in these tables, between the 

formulae aTid the experiments is very satisfactory, 
especially considering that the value of £ cannot 
be determined with perfect acciiraoy. The errors 

do not generally exceed i^th, and the observed 



* The above formnlw may be used with English meM 
area, ■ being taktMi from English tablet, if /i be glroD la 
Ibt. and r, /, and a la tnohes. 
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angles are smaller than those fauml by oalculalion 
except in the ease of the cylimlera 9, 53, and 5i. 

RrSITK^ op EXFKHiaKKTS ON THK ToJtRldX OF IIOLI.OW 
UVLTNDFkS OF CoPPBR. 





i . 




Cuefflcient tiF 






■sS 












is 


□ ■ 


from lenuon 








H 






Bj luntiulA. 


Bj' axporUiwnl. 










•i 1 u 




53 


11,523 


10.031 


10.917 


17 3fl-2 


20 n c 


54 


7,082 


4.yai> 


1(».444 


1 12 18-3 


1 IB !i-i-9 


5.^ 


5,047 




ll),27fi 


4 <> 40 


4 6 54-1 


1 


5,002 


24, CCS 




2 37 40-4 


2 M 


8 


4fi.til>5 


%m 




6 11 10 3 


(i 53 8 


9 




2,471 


10,645 


l.S 9 U 4 


15 42 37-3 



For bars of elliptical section M. Wertheim boa 
deduced the formula 

^ 3 ■ rt* • E ■ cj c5 

where Ci and Cj are tbe two semiaxea of the elUpse, 
the other letters remiining aa before. 

Bes^UHK op HxPERlHISNTa ON THK ToRfllON OF Bl.UPTICAL 

Barb. 





HaleriiU. 




elHrfticlty liy 


Mann anglu of lui'sioii iVV 








Rj' formnln. 


By txper't, 


n 

12 
IS 
M 


Coppr, 


min. 
7,1(15 


mm. 

3,flfi9 
2,4^ 




f 

2 ]3 66-7 

1 18 D'l 

1 :« J 

a 3H 11'3 


« < w 
2 10 55-4 

4 la is-z 

1 »> 4L-3 
» 54 3311 
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For bars of rectangular section the formula b» 
oomes 

_180 1 PR Z(a' + A") 

*~ «« "2 ' B * rfft" 

But it is necessary to apply a coefficient of cor- 
rection c to the calculated angle such that if -«<-' be 
the calculated angle of torsion, and' the angle 

found by experiment, then c= This coeffi- 

cient varies with the ratio ^ of the sides of the bar. 

Thus when I = 500 millimMres, and the section 
was 36 milim^tres square. 

} 1 2 4 8 

Value of coefficient 0-8971 0*96] 7 0*9520 0-9878 
It varies also with the ratio ^ and with the mo- 
ment of the couple p R. 

For the ultimate resistance of cylindrical shafts 
to rupture by torsion, Professor W.J. M. Bankine 
gives the following formula:* 

Let I denote the length in inches of the lever, 
such as a crank, at the end of which a wrenching 
or twisting force is applied to an axle. Let w be 
the working load in pounds, multiplied by a suit 



* Hanaal of Applied Heohanios, p, SG6. IKaniul 
Btoam Engine, p. 76. 
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able &otor of safety (asually six); then 
w l=u 

is the wrenching moment in inch pounds. 
For a solid axle let A be its diameter ; then 

H=/A'andA=^^ 
6-1 ^ / 

For a hollow axle let ft, be the external, and A, 

the internal diameter in i nches ; then 



M = 



-51 •\^~h\l 



51 A, 

5*1 M 



The values of the modulus of wrenchi ng / are-^ 

for cast-iron about 80000, 
for wrought-iron " 54000, 

and taking six as the factor of safety, if we put the 
working moment of torsion in the formulee instead 
of the wrenching moment, we may put instead of/ 

for cast iron 5000, 

for wrought iron 9000. 

Hence we get for w, the working stress, with 

solid shafts, 

5000 A' 980 A* , 
Wi= ■ g ^ = 1 — for cast-iron ... (2.) 

9000 A' 1765 A'- 
= ■ ^ = — j — for w rough t-iron..(3.) 

On this principle I have calculated the follow- 
ing tables (pages 200, 201,) giving the safe mo> 
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ment of torsion for cylimlricnl cast and wrought- 
iron shiifla, aud ako the working stress to which 
tliey may be subjected at the circumreTence of 
pullies or whe^'ls of various diameters. In unses 
wheii^ the horses' power transmitted by a shaft 
is given instead uf the i«tress, the latter may be 
found by the table on page 172. 

The greatest angle of torsion^ whieh it 13 safe to 
allow in a line of shafting, is dctennined by the 
. ejttensiou of the material witbin the elastic limits. 
If T^flth of the length h<i assumed as the maii- 
muni extension with the safe working load, then 
the shaft must be so proportioned that tlie angle 
oftorsion is less than that given by the following 
formula : 

_ S284 L 

* 1000 ^r"'-^^ 

where l is the kngth of the shaft in feet, d its 
diameter in inches, and v the angle of torsion in 
degrees. 

It is convenient to estimate the ultimate rcdistr 
ance of shafts to torsion, not only as a statical 
pressure acting at a leverage, but also ia horses' 
power. Now the stress resulting from the traiia- 
missiou of power must evidently increase in pro- 
portion to the power, aud decrease in proportion 
to the velocity. A abaft will transmit 100 horsea* 
power at 80 revolutions a minute with no more 
BtreBS than it would transmit 50 burses' power at 




40 revolutions^ or 25 horses' power at 20 reTolu- 



tiona. Hence the torsion varies aa -, wliere h ia 

the number of horses' power per minute, and B 
the number of revolutions per minute. 
Buebanan's rules for the power transmitted by 

shafts Jire : — * 

For fly-wheel sbafts 

For shafts of water-wheel gearing and otlief 
heavy work, 

For shafts of ordinarj mill gearing 

An ordinary allowanae for wrought-iron 
shafting iu practice is 

"!=!jJs 250} . . . (5.) 

From the foregoing observations in regard to 
torsion, and the power of transmission of shafts 
at diJlerent velocities, it is a desideratum of much, 
importance to the engineer^ so to proportion shafts 
in relation to their lengtVia as well aa velocitieB, 
as to be within the limits of sensible permanem 

* Those TDltfs will be foand ia tbo meani edition of £b 
cbsuBD, ai pages 3^, «t teq. i 
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iorsioti atld flexure,* and at the same time to in- 
crease the speeds in a given ratio to the vclwiUea 
of the machine and the nuture of the work it has 
to eieciute. In the above digquisition we have 
only given the law and the safe measure of tor- 
sion aa regards leni^th and area, but much must 
sti]l depend on the calculation and judgment of 
the millwright and engineer; in ita application tc 
the character of the work tbey have to perform, 
and the resistan<ies they have to overcome. 

From formula (5.) the following table(page 205) 
has been calculated, giving the diameter necessary 
to transmit from 1 to 150 horsea' power at from 
10 to lOUO revolutions per minute. 

4 Vehcity of Shafts. 

As the quality of the material employed for 
the construction of shafts enters largely into the 
calculation of their strengthj so also the velocity 
at wliich tbey revolve becomes an important 
element in the calculation of the work transmitted 
by them. In all oaaea where machinery has to 
be driven at a high speed, it is advantageous and 

• AlILaagli wo ^peak ot the limHs ef permaBent torti'ioD, 
we are not prepared to fix tli^ae limits, as we find tLat 
wliat proilaaea a percuim^nt set in &iiy mal^rigl, hr>WiHV0r 
miante a fmolion it may biB^, will, in prociiSH of time, if qon- 
tiiia»d, aiitl cifVu repeated^ leal tn frauture. Thi& law ap- 
plies to every dttscriptian of strain or tQaterial, and we 
Mmy tbentforn unlisider Ibnt there 3ca iiiniLB to endiiraBi;^, 
bOKflver iiatant that ta&f lie. 
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eveCi essentuil to run tlie sbiiftiiig at a proportion 
ate veluuity. If, for examplt:, there are a aenea 
of mawbiuea rimning at five hundred revolutions 
per minute, it will be advisiible to run the shafta 
t half tlia-t speed, by whiuh Tneaiis the following 
very import^nit advantageK will be gained. 

Thtire will be a great stiviug in the weight of 
the shafts, for with a slow motion of flftj revulu- 
tious per minute, fully three times the weiyLt 
would be necessary to transmit the same power. 
There would also be a saving in original coat in 
the power absorbed, and in niaiijtenanue. 

Shafts running at low volocities are comber- 
some, heavy, and expensive to repair. They are 
costly in the Unit instance, atid they block up tha 
rooms of the mill with large drums and pnllies, 
obstructing the light, which^ in factories, is a con- 
sideration of Very great importance. 

At the commencement of the pregent ceciturj, 
mills were geared with ponderous shafts, such 
as those just described. They were generally 
of cast-iron, square, and badly coujded, and the 
power required to keep them in motion was in 
some cases almost equal to tliat required by the 
machinery they bad to drive. In the present 
improved system, with light shafts accurately 
Btted and running at high velocities, the work 
which previously was abaorbed in transmission ta 
DOW conveyed to the machinery of the mill. 

I may safely ascribe my own success in life 
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fcnd tliat of my friend and lato pmrtntir, Mr, Jamea 
LilliSj to the saving of puwer eftiicted increas- 
ing threefold the velocity of the ahaPting in mills 
mure than forty years ago. Tiio introduytion of 
light iron shafting not only enabled the inaniifac- 
turer to effect & considerable saving in the origi- 
nal coat, but a still greater saving waa effected in 
power, whilst it relieved tho mills from the pon- 
derous wooden drums and heavy slm[tiiig then in 
UBc, and established an entirely new system of 
operations in the manhiuery of trans rniaaion. 

6. Lenylh of JourtiaU* 

Another consideration of consider able import 
ancc to the smooth and aafe working of shafting 
is the length of the journals. FrQiii a number of 
years' experience I have been led to believej that 
with cast-iron, one and a half times the diameter 
of the shaft is the best proportion for the length 
of the bearing, and with wrought iron, one and 
Uiree quarters the diameter. On the question of 
flhaEla revolving in the steps of plumrner blocks 
and the proportions necessary to elTect motion, 
■without danger of heating, it is essential (without 
"entering largely into the laws of friction on bodies 

" Rqlcis for ilinDietera ol gtiiij^itona or jonmala for 
tliosti in wTiilOi thfiy arn cal.cillatwl ifidBjlttiidently of 

jiaui^t«r uf tli^ shaft, are giveb in Ullld and Millwork, 
vol, i. p. llti^ 
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in contAot) that we should asoertitin froin actual 
prfwtice and long trkd esperientie the best form 
of journals of almfta adapted for that purpose. 
The lengths proportionate to the diameters haT« 
already be«n given, hut we have yet to cousider 
the dimensions of tho journiila of large elmtia 
where they are small in comparison with the 
pressure or t!ie weight they have to sustain. Let 
us, for example, take a fly wheel shaft and the 
foot or toe of a line of vertical shaft extending to 
a height of six or seven storied in a mill filled 
with mauhineryj and we have the safe working 
pressure per sq^uare intiti as indicated in the last 
column in the tbllowlng table : — 





II 




H 




bJ9 












3 'i 

= 'n u 


I>Hi«rtpeuii uf Shmfl. 


II 


t 




J.S 


" a-r 

J|s 








3 a = 


El n 

js^ 






18 X 


14 




i5.0SI 






- X 


n 






1W2-70 




15 X 


10 






40-nu 




B X 


3 


IR 


m\ 




JNttn ditto ditrn 




4 


8 




20-1X1 



From, ths above it will be seen thai in fly-wheel 
shafts the pressure should n-sver exceed 180 lbs. 
per acLuaTe inch, and in that of the toes of vertical 
shafts 240 lbs. per square inch. Kven with this 
latter pressure it is difficult to keep the sbafla 
cool, and it requires tho greatest fvossible care to 
keep tbetn free from dust or any minute partioles 




Df aand ur other .nhnrp aubstant^eet getting into tlie 
sieps. The feet of vertical slmrts alsti require tUe 
very best quality of gun metal for the shaft to 
run in, am] flue limpid oil fru' hibrioation to pre- 
voiil the tije (Vmri tMiLling. It is, inoreoverj necea- 
Bury fur the aluift to fit well on the bottom of tlie 
»tep, and not too tight on the sides, ami to have a 
polit^h. 

A 11 ot I It! r |io i u t fi>r ue. 
consideration ia the 
proper fi>rm of the 
journals of shafts, and 
tliat is, tliey sluiuld never liave the journal turned 
(kp cnt sijuure ilnwn to the diameter, but hollowed 
in the r«'riii shown in tlie li^ure at a a a d. 
I'roin a serlef! of interesting experiments it haa 
been shown that the square-cut shaf^ loses nearly 
one-fifth of ItH Ktreni^th, and by dimply curving 
out the Sihuft iLt tlie collars iu the form deseribed, 
the resistance to Rtrj^in is increased one-Aftb or 
in tiiat p]'o|iortion. 

G. Fnction. 

On the subject of friction much cannot be said^ 
We may, however, adduce a few experiments 
frrtm Moriii and Rivif-rt;, wbieh appear to bear out 
our previous experience of the length of journals. 

In the years 1831, IS82 and 1833, a very ex- 
tensive set of experiments were made at Metz by 
M, Morin, under the sar^ction of the Freneb govern- 
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ment, to determine, as nearly as possible, the laws 
of friction, and by which the following were fully 
established : — 

When no unguent is interposed, the friction of 
any two -surfaces, whether of quiescence or of 
motion, is directly proportional to the force with 
which they are pressed perpendicularly together ; 
so that for any two given surfaces of contact there 
is a constant ratio of the friction to the perpen- 
dicular pressure of the one surface upon the other. 
Whilst this ratio is thus the same for the same sur- 
faces of contact, it is different for different surfaces 
of contact The particular value of it in respect 
to any two given surfaces of contact^ is called the 
coefficient of friction in respect to those surfaces. 

When no unguent is interposed, the amount of 
the friction is, in every case, wholly independent 
of the extent of the surfaces of contact ; so thai 
the force with which two surfaces are pressed to- 
gether, being the same, their friction is the same 
whatever be the extent of their surfaces of contact 

That the friction of motion is wholly indepen 
dent of the velocity of the motion. 

That where unguents are interposed, the coeffi 
cient of friction depends upon the nature of thf 
unguent, arid upon the greater or less abundance 
of the supply. In respect to the supply of the 
unguent, there are two extreme cases, — that in 
which the surfaces of contact are but slightly 
rabbed with the anctuous matter, ae^ for instiuu}e^ 



with an oiled or greasy clolhj and tliat in which a 
continuous stratum nf tjnguent renuiins continually 
inlerpoaed between the moving^ surfaces; and in 
tbla atate the amount of friction is foand to be de 
pendent rather upon the Ttature of the ungutnt 
han upon tbat of the surfaoea of contaet, M 
Moria found that with unguents (bog's bird and 
olive oil) interposed in a contLnuoua stratum be- 
tween surfaces of wood on metal, wood on wood, 
and metal on ineta], wben in motion, have all of 
them very nearly the same coefficient of friction, 
being in all cnaea included between '07 and '08. 
The eoefficiient for the unguiint tallow is the same^ 
except in that of inetala upon metals. This lan- 
gnent appears to Ih; leas sulte<l for metallic .t^urfacea 
than the others, and gives for tlie mean value of 
its coefficient under the same circumstances '10, 
Hence it is evident that where the extent of the 
surface snfiitainjng a given pressure is so great aa 
to make the pressure less than that which corres- 
ponds to a state of perfect separatioOj this greater 
extent of surface tends to inero.ise the friction by 
reason of that adhesivenefsa of the unguent, depen- 
dent upon its greater or less viscosity, whose 
effect ia proportional to the extent of the aurfacea 
between which it is interposed. 

Mr. Rfjnnie fonnd, from a mean of experi 
ments with different unguents on axles in motion, 
and under dirterent pressures, that with the iiu- 
giieat tallow, under a pressure of from X to 5 cwt. 
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the friction did not exceed j'gth of the whole ])^e^ 
sure; when soft ynap was applied it beoamB a'4tb; 
and with tlie j^ufter uQgueuts applieil, siuiU us ui'l, 
bog's krd, etc., t\vd ratio of the friotioji io tha 
pressure iticreiksed; bat with the harder miguenl&, 
08 soft soapf lalluw, and anti-iittrition conipt>sition, 
the friction cotitiidtirabiy dimini^^hed ; consequently 
t» aocure eft'etitive lubrication, tVie nature of the 
unguent must He nccomnKxlated to the pressure 
or weight tending to force tlie surfaces together. 
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From a paper lately refld at the Institution of 
Civil Engineera in LonLlon, on the comparative 
Trictinn of sleam engines of djfteront motlificfttions, 
it appeiirs that, as rcfipects tlie friction caused by 
the strain, if tlie beam engine be takes as the 
standard of coinpariaon — 

'I1ie vibrating engine Mas a ^am of I'l per cent 

Tlie direct engine with slidea.. .. " loss of 1-8 " 

Ditto with rollers " ^aln of fl-8 " 

DiLto with a, parallel molion " guin of 1'3 " 

It also states, as an opinion, that exoesaive al- 
lowance for friction has hitherto been made in 
calculating the eflective power of engines in gen- 
eral ; aa it ia found practically by experiments 
with the engitiea at the Blackwall Railway, and 
alao with, other engines, that where the pressure 
upon the piston is about 12 lbs. per square inch, 
the friction does not amount to more than IJ^lba.; 
and also that by experiments with an Indicator on 
an engine of 50 horse-power, at Truman, Haiibury 
a.nd Co.'s brewery, the whole amount of friction 
did not exceed 5 horse-power, or ^'^th of the 
whole power of the engine. 

7. Zuhncation. 

On this question it ia necessary to observe that 
the durability of shafts, and their easy working, 
depends on the way in which they aj*e lubricated, 
and the description of unguent u^ed for that pur- 
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pose. We have already Bciju tte diSereiice whiolt 
exists in the coefficiient of friction from the use of 
diftbrent kinds of unguents, aad we have qow to 
coDsider wlint system of lubrication should be 
adopted to lossen the friction and maintain smooth 
surfacea on the journals of shafts. In large cot- 
Eon mills I have ktiown as much as ten to fifteen 
horses' power absorbed by a change in the quality 
of the oil used for lubriealion; and in cold. 
weather, or when the temperature of the mill is 
much, reduced (aa is generally the case when 
standing over Sunday), the power required on a 
Monday morning is invariably greater than at 
any other time during the week. 

It is, therefore, necessary in most mills^ — parti- 
cularly those employed in textile manufacture — ■ 
to retain a unilbrm teuiperature, and to employ 
the best quality of oil for lubricating the ma- 
chinery, as well as the shafts of the mill. 

The best Inbricators arc pure sperm and olive 
oils; they aliould be clean and limpid, and spar- 
ingly applicdj as it ia a profligate waste of valua- 
ble material to pour, as is not unfrequently donsj 
large quantities of oil on the bearings, nine-tenths 
of which run on to the floor, and cover the ahalts 
and hangers with a coat of glutinous matterr tha: 
Boon hardens, and accumulates nothing but filth. 

This process of oiling shafts is generally left to 
the most negligent and most untidy person in the 
eHtablisliinent ; and the result is, that every open- 
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ing for the oil to get to the bearings is plugged 
up, the brass steps are cut by abrasion, and the 
necks or journals of the shafts destroyed. In the 
best regulated establishments this is certainly not 
the case, as the greatest possible care is observed 
in selecting the best kinds of oil, and that- usinl 
with attention to cleanliness and strict economy in 
its application. 

To save power and effect economy in the use of 
lubricants, several schemes have been adopted for 
attaining a continuous system of lubrication. 
None of them appears to answer so well sis tliat 
which consists of a small cistern, a. fig. 117, 
which contains a quantity 
of oil, and is fixed on the 
top of the plummer block. 
In the centre of the cistern 
is a tube, which stands a 
little above the level of the oil ; and into this is 
inserted a woollen thread, with its end descending 
a short distance below the surface of tlie oil in 
the cistern; and when properly saturated, tiie oil 
rises by capillary attraction, and flows gently, in 
very minute quantities, on to the neck of the 
shaft. From this description it will be seen that 
the quantity used can be regulated to the greatest 
nicety, and sufficient to lubricate the bearings 
without waste. Other plans have been devised 
for the same object, but none of them seems to 
answer bo well as that just described. 
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CHAPTEE IV. 



ORA R. 

In every de.'^urijHion of mill where the ma- 
(jliinery is spread over a large area, and at a dis- 
tance from the moving power, it ig necessary to 
have long lines of shafting, revolving at the re- 
quired velocity. Such lines are seldom made in 
one piece; short lengths Tnui?t, therefore, be coup- 
led together, so as to form an unbroken line, ex- 
tending, in most cases, the whtile length of the mill. 

When cast iron shafts were substituted for 
woodj, a square coupling- box, made in one piece, 
was generally useUj so a.** to slide over the two 
ends of the sliafLs, or in two pieoea, bolted to- 
getber^ as shown in iiga. 118 and 119. 



rif. 11& 




In the former case the box was slipped on 
loose, and the adjustment waa bo imperfect that 
the ahafts ros« and fell in the box at every revolu 
tion, destroying gradually any accuracy of flttiog 
which, in tlie lira! instance, had been attained. 



OS COUPLINOS. m 

After tlie square-box coupling came tlie olav, 
or two- pronged coupling, made in two parti^ 



Fig:, lis 
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wetJgeJ, but more frequently keyed on to tLe ends 
of the sbafta, as ahown in fig. 120. This was « 
great improvement, aa the leremge of the bear- 
rig- lai 






mg parts was greatly increased, and f \e A opling, 
ia consequence, became more durable 

A descripE-ioE of balflap coupling wai intro- 
duced by the late Mr. Hewes. It was furaj^ by 
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ttifl tupping over a part of the end of each shaft, 
whicli wns cast square. A square box wftg also 
Etted over the two ends, so aa to bind them to- 
gether, and three keja were inserted oa the top 
Bide, aa shown in fig* 121. The objections to this 
coupling were the difficulty of fitting and the 
loosening^ of the keja, which made a creaking 
noise with every revolution of the shaft. 

Another coupling, stilL in use, is the disc. It 
conaieta of two diacs or flanchea^ one on the end 
of each shaft, bolted together by four bolts, aa 
ahown in fig. 122. This coupling waa superior to 
all the preceding, when properly bored and 
turned, so aa to have ita faces accurately perpen- 
dicular to the shafting. 

The beat coupling for general purposes, and 
the most accurate and durable, is the circular 
half-lap coupling, introduced into my own worka 
nearly forty yeara ago. It is perfectly rounds and 
consists of two laps, turned to a gauge, and, when 
put together by a cutting machine, it forms a 
complete cylinder, as shown in fig. 123. A cylin- 
drical box ia fitted over these, and fixed by a key, 
grooved half into the box and half into the shaft. 
The whole is then turned in the lathe to the same 
centres aa the bearings of the shaft, and by this 
process a degree of accuracy is attained which 
cannot be surpassed, nor is any other coupling so 
neat and so well adapted for the transraiasioii of 
power. 
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The proportions of this coupling are found by 
experiment to be — 

Twice the area of the shaft is the area of the 
coupling. 

The length of the lap is the diameter of the 
shaft. 

And the length of the box is twice the diameter 

of the shaft. 

The»e proportions have been found in practice 
lo answer every purpose, both as regards strength 
and the wear and tear of the joints. 

There is another coupling which has come of 
late years extensively into use, namely, the cylin* 
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drical coupling, with butt ends. It has the same 
proportions as the former, but not so strong nor 
so duiable as the hiilf-lap coupling of the same 
dimensions, as tlie entire force of torsion is trans 
mitted through the key; but in cases when 
strength is not the chief o'oject, it forms a chea) 
and effective coupling. 
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8. Dismf/ajing mul re enga'jhtg Ocar. 
Tais ia an imporUuit branch of mill-work, re- 
i]uiring careful eonsiJeration, nnil tlie utmost 
esactituilo of construction when ponvlerous ma- 
chinery has to be startt^il, withi5Ut Philandering lha 
Bhafts and wlieels. Tliis ia most slrikingty cxcm- 
jilified in tlie caae of powder Tnillaj where trains 
ol' edge atonea are employed for grinding tlie gun- 
powder, and in rolhng and calleiKlering rnaehinery 
which requires well fitted fried ori-ckUclies to com- 
municate the motion by^ bIow and prngroflgivc 
acceleration from a state of rest to the required 
velocity. 

It uaed to be customary in cotton and silk mills 
to plaeo disengaging clutehea at the point of con- 
nection of the upright or driving shaft iind tha 
main shafting in each room, so that, in cui^e of ac- 
cident, a room full of inacbinevy could be thrown 
out of gear at once. But these provisions were 
found unsteady in practice, and rather tended to 
iocrease than to diminish ti)e number of accidents, 
owing ebiefly to the time lost in di.senga>2;ing, and 
the breakages which occurred in atCenipling to 
place the machinery in gear again, when tlie en 
gine was running at full speed. It Ua.?, oon^se- 
quently, been found safer to have a permanent 
connection between the main lines of shal'ting 
ihrou^fbout the mill, and aigrml.s from each room 
into the enginediouse, in cfise of accident. 

When the conatruction of mill gearing was leaa 
19* 



perfect than it ia at present, the main shail driving 
the machinery in a room was tlsmwii out of gear 
by a lever, which contairied the steps, and aup- 




shown in fig. 126, wilh a rope at tlie end of the 
lever a to pull it out tjf gear, Tliis mode of dis 
engaging wheels was very ineffective, as in many 
milla there are three bevel wheels gearirtg intf 
that on the upright b, and it beooraea cornplicatt^ 



and dangerous to have movable levers to euoh. 
To Tt^mcdy thesfi defetits. BtantlarLls or pluinmer- 
blocks, with a movable sli<]e e, Jig. 126, in which 
the end of the shaft revolved, were introduced. To 
t^ie top of this sHile was attached a lever a. with a 
handle 6, hy whioh it could l:>e drawn out of gear; 
and the link c, falling along with the lever, i-e- 



t&ined the shaft out of gear until the mill was 
stopped. 

All these contrivances were, however, founa in- 
operative on a large scale, as the shafts atd wheels 
g-ot oat of order; and it was ultimately found 
liaaentially necessary to make them stationary, by 



Fig. IM. 




224 hachin'eBv of transmis&ion. 

Bcrewirig the plummer-blm^k down to tlie fiiimfl 
wliicli connects Lli« sliafts ami wiiools. 

St'veral devices have been emjilnyt^l lor tlic 
piivpo&e of riapidlj eng.tginj^ and disengaging nia- 
iltinea i'rom tlie driving tilmft. TUe beat of all ara 
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ihe fast and loose pulleys, with a travelling strap. 
Tluift, in fig. 127 a is the driviiio^ shaft, acting 
upon two pulleys e and fixed on the driving 
epindle of the machine! h ■ one of them, d, is keyed 
ffist, and the other runs loose. WIumi tlie machine 
IB at work the strnp is nn the Hist pulhjy tl, and 
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vrhcn it ia in;ccssarj to stop, it is moved bj a 
forked lever on to tlie ]<wse pulley e, which re- 
volves with the strap without aoting on the ma- 
cliino. The machine is thrown into gear with 
equal case by moving tlie atrup on tu the fList pul- 
^uy d. OnM on either of tKc pulleys, tlio strap ia 
held in position without any danger of moving by 
Llie slight cuTViiturc of the jiulley, as alr'Cady ex- 
phiined. The forked lever must a<j:t on that side 
of the atrap which runs toward the pulleys, and 
not on that which leaves them. 
A second and equally effeetive process for start- 

FlfT 138. 
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ing or stopping machinery is shown in fig. 128» 
A leather strap is hung loosely over the driving 
and driven pulleys a and h, so that, left to itaeh', 
the friction is not eufficieiit to communi{;ate mo- 
tion tLj the palley on the shail h; but a tightening 
pulley fixed on a suitable levers is forced against 
it by pulling the rope c, whiuh bends the strap 
tiglitly upon the pulley b, and gives motion to tlie 
machine. Thia arrangement is in general use for 
sack teagle& in oom mills, and for some other pur- 
poses. The same e&bct is sometimes produced by 
the sack teagles being fixed on the lever, and, by 
raiising one euJj the strap is tightened, and the 
barrel which raises the load is caased to revolve. 



The clutch moat in uae for throwing into gear 
heavy calleudering maubinea ia a dip frictioii 
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aoop, wbiyh consists of a sliding box a, with two 
projecting horns on tbe driving stiaft 6, These 
horns, when slid forward by a lever g, working 
in the groove c, come in conUiet witH the friction 
hoop dt whiuh emhranes a groove in A second box, 
keyed upon the ahaft of the machine. The instant 
the machine receives the shook of engagement, the 
dip d slides in its groove, until the friction over- 
comes the resistacioe, and the csallender attains the 
speed of the driving shaft. Tbe object of the fric- 
tion clip is to reduce tbe shock of throwing the 
clutch suddenly into gear, aa without this precau- 
tion any attempt to move instatitsineously a pow 
erful macliine from a state of rest to a state oi 
motion would break it in pieces. 

Friction cones are also much used for this pur- 
pose, and when carefully e.xeeuted with ihe proper 
angle are safer than tbe clutch juat described. The 
objcctioti to the friction clutch is, that the whole 
driving power ig thrown on the clip at once; 
whereas, with the cones, the parts can be brought 
into contact with the greatest nicety, and the fric- 
tion regularly increaaod to any degree of prea- 
aure. Fig. 1$Q shows this description of disen- 
gaging gear; a is the male sliding cone, worked 
by a lever in the usual way, b the female cone, 
keyed on the driven shaft, and the two surfaces, 
when brought into contact, commiuiicate the re- 
quired motion with perfect safety. 

Machines driven by friction, and requiring to 
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be frequently^ BtrtpjieJ, are very rnimeroua. Some 
of tlie lighter deacription are driven by a vertical 
abaft, b, £g. 131, supporting a hori^ntal disc, 

wliieh con>munic.ite^ 
motion to tlie wheej 
a, rolling on its gur- 
face, and gives tlie 
necessary motion to 
the machine. The 
ad vantage uf this friiv 
tion-wheel i&, that the velocity of the maohiue may 
be increased or diminished at pleasure by moving 
the wheel a nearer to or farther from the edge ul' 
the di&c. 
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Fig. 1S2 is anotber combiciatioD of discs suita- 
ijlc for couplings willi otily one bearinu;. The 
lUsc b is keyed on one shaft, and is reQes5e(i on 
the (iace, U> receive the anialler JIhc, c; thia disc is 
Blink flush with thy face of the other, and is 
screwed ti^hLly up to it by mcaiia of the ring a, 
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whicti is bolted to the diso b, and seeares tbttt 
marked c. Between the tliree plates, a, b and c, 
annukr pieces of leather are interposed, which 
bring them all to a propor bearing. 

Thia combinationj termed a friction ooupUng, is 
useful for proventing breakage of the connection? 
in onsG of a finddcn stoppage or reversid of the 
motion. It is plain thnt the holding power of the 
Goaplitig dopeada aitnply upon the tightneaa with 
20 
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which the discs are scrcweJ together, and tlie 
ctin^quent frk-tiunal farce of the Furfaces of 
leather and metal. 

Besides these niurc permanent furms of coup- 
lingsy there are other coutrivanties adopted when 
the ohjeut to he attained is tbe engagement and 
disengagLMitent of ucrtttin p':irta of llie machinery 
i>r gearing during tlie cuurac of operations. 

With the anme view uf »diiiitling of this dis- 
euga^^cineut of the coDDuution, in cases of sudden 

P(i: ISJ. 





stoppage or reversal, the coupling, fig. 133, is 
Bometsmes employed. 

In thta instance, the shaft is eupposed to b« 
continuous, and the cuiipling may be termed a 
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disengaging coupling, a and 4 arc the; two parta 
of the coupling, formed on the acting faces into 
alternate projections aitd recesses, suclx that they 
correspond with and exactly fit into each other 
when in gear. The part a is, in this example, 
cast ou ii spur or bevel wheel, from which the 
motion of the shaft i& supposed to be taken oft' 
Both of the parts a and h arCj to a certain extent, 
loose ou the shaft ; the former being capable of 
moving round on it, though deprived of loug'itu- 
dinal motion by washera and a collar, marked e, 
and the latter being free to slide oti the shaft, 
though prevented from turning on it by & sunk 
key. which slides in a slot inside the eluteh or 
sliding piece b. The mechanism is put into gear 
by means of the lever d, which terminates in a 
fork with cylindrical extremities c ; and it is 
obvious that, by the contact of tlic flat faces of a 
and b, the latter will immediately carry with it 
the other part at the same speed as the shaft. 
Supposing, now, that the motion of the wlieel a 
is suddenly accelerated^ the oblique faces of the 
Bouplinga immediately fall out of contact, and 
ilide free of each other, leavinjr the couplings 
clear, and' the ahatl free to continue in motion. 

In the old form of thig contrivance, known aa 
the sliding bayonet clutch^ tlie part &, instead of 
the toothlike projeetinna on the iace, hail two or 
more prongs which laid hold of corresponding 
unugs cast on the face of the part a, which, more . 
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over, was usually a broad belt pulley., introduced 
with a view to modify the shock on the geahug 
on throwing the clutch into action. 

In an older form still, the pulley was made to 
slide end long on the shaft. A form analogous to 
this was known as the " lock pulley," a few speci- 
mens of which still remain in the older factories. 
Instead of the end long motion common to the 
other modes, the parts were " locked " together by 
a bolt fixed upon the side of the pulley, and 
which, when shifted toward the axis, engaged 
with an arm of a cross, of which the part h, in 
the preceding figure, ia the modern representative. 
The bolt was wrought by means of a key and 
stop, the turning of the key throwing back the 
bolt, and thereby unlocking and disengaging the 
pulley. The form of coupling represented by fig. 
133 is particularly applicable when the im{>elling 
power is derived from two sources— a circum- 
stance which frequently occurs in localities afford 
ing water power to some extent, and yet not in 
sufficient abundance for the demands of the work. 
The deficiency is usually supplied by a steam-en- 
gine ; and the two powers are concentrated in the 
main line of shafting by a coupling of the kind 
depicted. In cases of this kind, the speed of the 
shafting being fixed, and the supply of water in- 
constant, the power of the water-wheel ought to 
be thnjwn upon the wheel a a, and that of the 
ungine apon the shaft at another pcnnt. By thii 



arrangement, the speed of the line can be exactly 
regulated by working the engine to a greater or 
less power, according to the supply of water. 
The proper speed of the water-wheel will like- 
wise be maintained, which is of importance in 
economising the water nower. 

"The same form of coupling is also used occa- 
sionally for engaging and disengaging portions of 
the machinery. But for this purpose the object 
is to obtain a mode of connection by which the 
motion may be commenced without shock; for, 
in consequence of the inertia of all material 
things — that is. the tendency which every portion 
of matter hrs. when at rest, to remain at rest, and 
when in motion, to continue to move — the parts 
of the meclianism, when acted upon too suddenly 
by a moving power, are liable to fracture and dis- 
arrangement. It is a law in mechanics that when 
a body is struck by another in motion some time 
elapses before it is diffused from the point struck 
through the other parts ; consequently, if the 
parts receiving the blow have not suflicient elasti- 
city and cohesive force to absorb the whole mo- 
mentum of the striking body till the motion be 
transmitted to the centre of rotation, fracture of 
the body struck must necessarily ensue. Hence, 
in a system of mechanism, any parts intended to 
be acted upon suddenly by others in full motion 
ought not only to be strong, but they ought to be 
capable of yielding on the first impulse of the 
20* 
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impelling force with as little resistance as possible, 
and gradually bring the whole weight into motion. 
The common mode of driving by belts and pal* 
leys accomplishes this object very satisfactorily. 
In this the elasticity of the belt cornea into action ; 
and being thrown upon the pulley by the strap 
guide or fork, it continues to slip, till, by the fric- 
tion between the sliding surfaces, the belt grad- 
ually brings the quiescent pulley into full motion 
This mode of connection is unexceptional when 
the power to be transferred is not great; but its 
application to large machinery is attended with 
inconvenience." * 

In figs. 134 iSo, two other forms of clutches 
are shown as often used to connect the shafting 
of diftereni parts of the same mill, where it is not 
necessary to throw into or out of gear when run- 
ning at full speed. They consist of a fixed and 
sliding box, one on each shaft, with teeth or pro* 
jections which fit in corresponding notches. The 
sliding box has a groove turned in it, in which a 
forked lever works, as at a, fig. 134, and at a, fig. 
135, by which it is drawn backward or forward 
as the case may be. The peculiarity of the 
clutch, fig. 135, is that of the driving shaft, which, 
reversed by any accident in its motion, as is not 
nnfrequently the case in starting and stopping 
the steam engine the sliding clutch is foroed back 



* Extract from Engineer'B and lUehiiiist*i AnlltaBl, 
p. 144. 
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for throwing the drivea »haft into or out ol geuc 
whenever il may l>e nectssary. 

Another ing^enious contrivianc.e, I believe in- 
vented by Mr. Bn*lmer, is shown in figs. 137 and 
138. It oniiaista of a box a a running loosely en 
the driving shati s 8, but carrying the bevel wheel 
b b, whirh gears into another wheel on th(» Jriveri 
ahaU, not shown in the figures. Tiglilly keyetl 



on the driving Bhaft * jt ia n boas c e, with two 
trunuions, on \vliicli .slide two fricliou aectora k k; 
the outer riurf:ieii is eoiitod witli a eopiwr plate 
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accurately fitting t^ie interior gurface of tbe run- 
nlng box a a. The boss c c carries also four pro- 
jections e e e e, which serve aa guides for four 
screws, altematelj left and right handed, and at- 
tafihed to tbe Tiuta // and levers g g ; tliese screws 
act on the extremities of the friction slides k k, m 
that when the levera g g arc drawn back ihey ara 
«oth with equal pressure forced upon tbe inner 

Plff. lis. 




pnrface of the box a a. As the pressure can be 
very regularly and gradually brought on this box 
through the levers and screws, the motion of tbe 
driving shaft a s is communicated with perfec'-t 
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regularity, and without sliock to the bevel wheel 
Ih. 

In the above description T have given suet ex- 
amplei} of engaging and disengaging gear as are 
mo3t commonly in use. Others of a more com- 
plicated character might be cited, but they nra 
not to be recommended as applicable in general 
practice. The last form, figa. 137 and 138, is, 
however, specially noticed as suitable for gun- 
powder mills, wliere llie greatest possible freedoin 
JTom shocka is essentially necessary. 

9. Mangers, Plummnr-hhcfar etc, for carrying 
Shafimg. 

Shafting is supported in three ways, viz., on 
foundation stones in the floor, beneath beams sus- 
pended from the ceiling, and to the walls of the 
mill. This neoessitaitea aa many different forms 
of framework, known as liaugera, plutnmcr-blocks, 
gtandarda, etc. 

The simplest mode of supporting a range of 
light shafting ia from the floor, and a pedestal 
suitable for this purpose is shown in fig. 139. It 
oonsiata of a cast iron base plate and column, with 
deep wiuga a a cast on to strengthen it free from 
vibration. Tbg upper portion ia hollowed out to 
receive the lower brass step, and the cap carrying 



t'lie upper step. When the entire pressure of the 
sbatting is liownwanU the upper bruss bush ia 
omitted, and the cap ia cast hollow and kept fu]] 
of greaae, ao as to secure the moat perfect lubrica- 
iqu of the joornal of the shaft. 



ill. m 




Big. 140 shows a pedestal for bolting to n watl, 
the chief difference being that the cap is now fixed 
OD its inner side by a wedge or cotter (c). In this 
figure a shell cap a is shown. If the pull ia up 
wards, and two brasses be required, " luga " have 
lo he added to the extremity of the pedestal and 
for bolting the two together. 
There are various ways of suspending ranges 
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bearas In this case there ia provmion for a second 
Vmp of shafting, at right angles to, and receiving 
motioa from, the priniary line. For this purpose 
a small plummer-blocfc is 
bolted on to a recesa at 
the side of the hanger. 
The thrust, owing to the 
pairoE'bevel wheelswhich 
would lae placed near this 
hanger, ia no longer aim 
plj vertical, and hence 
two brass steps are placed 
for the journal of the prin- 
cipal shaft, with a bolt at 
d, fig, 143, in addition to 
the Rotter, to keep the ftiip 
in its place. 
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Fig. 145 shows another form of light hanger 
Bometimes employed in weaving sheds, an'l alw 
ia uae for supporting slifif^ in iire-proof mills, 
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being bolted up to the 
under side of the oastr 
iron beuma, as shown at 
fig- 147. 

Wheregreater strength 
and firmneaa are re 
quiredj especially in 
long hangera in which 
there is considerable 
leverage, the nrrang^e- 
inent shown in figs. 1-16, 
147 is adopted ■ the 
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hauger in this cage is bolted to a cast-iron beam, 
and by an extension of tbe fl;inge plate to the 
brick arcb, which apiings from the beain T, It 
is firmly secured to both beam and floor. At e 
is a screw fur tightening the upper brass step on 
tlie shaft. 




More complicated jiri-angeraenta are aometiines 
necessary where two ur three rangca of .-hafkitig 
have to be brought in connecfion with each other 



by means of beveT or mitre wlieela. I'ig«. 148 
und 149, show a front amt side eleviUion of tbia 
arraiijjenieiit, wliich may serve aa a type for 
□there. The hanger is attatiheil to a caat-irun 
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hcitn A, hy liookcrl bolts with nata beneath the 
top plntEj as shown at n a, care being iaksn m this 
atlachntnt not to imaketi the Jifrnge of the iron bflam 
bif Inring holes in it. Double brass steps are nac.es 
eary in this case for the m-iin line of shaHin-r, and 
iildo for two smaller ranges at right angles to n, 
21* 
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wliicli revolve in opposite directioiia, as sbown at 
fig. U9. 

A very frequent case in practice is the cotinec- 
tion of two ranges of ali«fting, at rigbt angles feci 
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each otherj at tlie corner of a room. This is 
effected by letting into tlie corner of the building 
a cast-iron frame, commonly known as a wall-box. 
which serves as a fuuodalinn for tbe plummer- 
blocka carrying the shafting. Such an arrange- 
ment ia shown ia tig. 150 in elevation, and in fig 
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151 in plan. The box uj, io, w, is built into the 
wall, and boUod both to it nnd to iJie cast-iron 
beam h. It carries two J^^UlnIn«ir-blocl^s on a 
plate firm]/ supported by- brackets. The wall 
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pieces in tliese two fiLriires are similar, but with a 
slightly different arrangement uf tlie iilummer- 
blocks. 

Irrespoctivo of the vivrions forms of engaging 
:ind disengaging appamtua, it will be necessary to 
coiisitler the position, form, asid proportions of tin 
wheels and shafting requirwl in milla where th( 
power is divided and widely dintributtid. T( 
show the enormous extent to which tho concen 
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tration of machinery in one building hag been 
carried, I may mention tliat in mills of ray own 
coualnictioa there have been on the average not 
less thfin 450 wheels ami 7,000 feet of shafting in 
motion. In the large milk at Saltaire there are 
upv/arda of 600 wheels aaJ 10^000 faet^ or two 
milesj of shafting distributed over aa area of 




flooring equiTfllent to 12 acres. In corn mills 
and iron works, where the machinery is more 
closely connected with the prime mover, these 
considerations are of less imp()rtanGe ; hut in fac- 
tories for the manufacture of textile fubrica the 
machinery covers a great extenl^ of surface, and 
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the greatest care is necessary in giving due pro- 
portion to the transmissive machinery, in order to 
secure uniformity of motion at the remotest parta 
of the mill. 

In gearing a mill, the first consideration is the 
power of the engines, the position of the ma< 
chinery to be driven, and the strength, diameter 
etc., of the first-motion shaft, and other requisitea 
fur the transmission of motion in a well-geared 
mill. It is upwards of twenty years since the fly- 
wheel was converted into a first motion, and a 
new system of transmitting the power of the 
steam engines to the machinery of the mill intro- 
duced. Previous to that time it was effected hy 
large spur-wheels inside the mill, now it is taken 
direct from the circumference of the fly-wheel.* 
The advantage of this system was the abolishing 
of the cumbrous first-motion gearing; and the 
requisite velocity being already present in the fly- 
wheel, it was only necessary to cast it with teeth, 
and to take oft" the power by a suitable pinion at 
the level most convenient for the purposes of the 
mill 

In another place I have given general rules for 
the pitch, breadth, and strength of the teeth of 
wheels. The Table (p. 250), computed from ex- 
amples which have occurred in my own practice^ 



* Compare "HilU and Millwurk," Fart 1, Prime Hoven, 
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exhibits the best proportions of spur fly-wbeeli 
to secure durability of both wheel and pinion. 



Table 9. — Diahbtkkr, Pm^ii, Velocitt, etc., of Spdr 
Fly-whkelt op the new Construction. 
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It will be observed that the diameters of the 
fly-wheels are not always proportionate to the 
power of the engines, nor yet to their respective 
velocities. In practice, it is impossible to main- 
tain uniformity in this respect, as, in order to 
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meet all the requirements of manufacture, it ia 
necessary to deviate from fixed principles, aud to 
approximate as near as circumstances will admit 
to the diameters, weights, and velocities of wheels, 
as may be found convenient to produce a maxi- 
mum efibot 

Of late years, the speed of the piston of factory 
steam engines has been accelerated from 240 to 
300, and in some cases 'to 350 feet per minute. 
Tliis united to the increased pressure of steam 
nearly doubles the power of the engines to what 
they were thirty years ago. The standard speed 
of a Bolton and Watt 7 feet stroke engine 
previous to that dato, was seventeen and a half 
strokes per minute. 

In closing this section of practical construction, 
T may state that the couplings, engaging and dis- 
engaging gear, including the different forms of 
hangers, fixings, etc., are taken from my own 
designs, first introduced as a substitute for the 
cumbrous attachments that were in general use 
previous to the years 1820 and 1823. 

Having determined the diameter, speed, and 
strength of the fly-wheel, the next consideration 
is the material, diameter, etc., of the main shaft 
These are usually of cast-iron, and their diameters 
depending on the power transmitted through 
them, and the velocity at which they revolve, will 
bo found by the tables and formulfle already givwi 
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The clistributioa of the power is usually effected 
hy a vertical Bhaftj extending- from the bottom 
room, through the various floors of the raillj to 
the top story; the power being taken off at each 
stage by a pair of bevel wheels. This arrange- 
ment, as shown in fig. 152, represents one engitie- 
h(iti:3o with a scclioD of purl of one divisioQ of 
the mills at Sitltaire; and this mny bo considered 
as a type of other mills adapted for spinnifig and 
similar purposes. 

It will be observed that there arc foar divisioni 
in the Sullaire miiia — one ibr the preparatory 
proce&Sj one for the Wool combing, another for 
the spinning, and a fourth for tho weaving. All 
tl^ese are driven by four steam engines, each of 
100 nominal horses' powefj but collectively dis- 
tributing a force through these different depart- 
menta of upwards of 1,250 horses. 

On referring to the drawings, figs. 152 and 
loSj whitih represent a cross and longitudinal sec- 
tion of the niillj it will be seen that the vertieal 
Bhaft AA, is driven direct from the fly-wlieel by 
ihe horiaoutiil shaft Bj giving motion to the ma- 
chinery in each room as it ascends. It is fixed 
on a solid pier of ashlar, as shown at fig. 164, 
page 257, and supported on strong east-iron 
plates and brLdgetrces, firndy secured by bolts to 
the foundations below. In each room it ia se- 
curely fixed, by east-irou frames and boxes. 
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waigbt to resist tbe action of tbe wheels prepared 
to drive tbe main lines of horizontal shafts with a 
speed and force equivalent to the work done in 
each room. In the case of tbe Saltaire mills this 
is considerable ; nearly 300 horses' power being 
distributed through the upright shaft alone, the 
remainder being carried off to the loom shed by 
a second wheel, working into the bevel wheel a, 
on the horiizontal shaft B, but not shown in the 
drawing. It is important, in mills where power 
ful steam engines are employed, that the founda- 
tions and fixings to which the main shafts are 
attached are of the most substantial description, 
and tbe greatest precaution is necessary in order 
to secure them from vibration, and to render them 
perfectly rigid when the whole force of the 
engines is applied. 

In the Saltaire mills, as in many others for the 
manufacture of cotton, flax, and wool, the pre- 
paratory machinery, such as carding, combing, 
roving, etc., is generally driven by lines of hori- 
Eontal shafts, or by a series of cross shafls, 
branching off at right angles from the main line 
extending down the centre of tbe room, as shown 
at c c in No. II. room. Nos. III. and IV. rooms 
are driven by the longitudinal shaft in No. III.; 
and Nos. T. and VI. by the shaft in No. V. room. 
On this plan it will be noticed that tbe spinning 
machinery is driven by iron pulleys from the 
horizontal shafts, at a velocity of nearly 200 
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revolutions per miinit*^, and tlie straps or belta 
from those pulkya are (iireuted bj meana of guide 
pullejs to the matsbintiry in both rooms. For 
this purpoae, iron boxes are inserted into the 
arches supporting the Hoors, For the adintd&ion of 
thii straps to thn^ niaohinery in the upper floor. 

It will not be necessary to give the dimensions 
oF the shafts in eaeh ruom, as thuso details and 
calculations must be luft to tlie jadgmunt t>f the 
millwright, and the nature of the work they have 
to pijrform. Suffice it to observe, that the ver- 
tical ehaft A is 10 inohea diameter through the 
first two rooms, 8J inchos through the third room, 
and 6| iuehea to the top ; the velueity being 94 
revolutions per minute. 

As respects the couplin'js for this shaft, wa 
may refer the reader to the Table of Dimensiona 
(^page 109) made from couplings actually in uae, 
and which have been founds by experiment, sef' 
viceable in every case where strength and dura 
bility are required. 

&reat trouble is sometimes experienced with 
the foot of the vertioal shafts which, from its 
weight and the great pressure upon itj has a ten 
dency to heat, unleaa sufficient bL-ariog-area i 
allowed, and the parts kept thoroughly lubricated 
The general arrangement of the footsteps and 
gearing in large mills \^ shown in fig. 15i; aa ia 
the first-motion shaft, and II the venical shaft; 
a a the bevel wheel on ibe former, and b b the 
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bevel wheel on the latter; c a plummer-block foi 
the lirst motioa-shaft, aad d d the box coataiaing 
the brass footstep for the vertioal shaft ; this box 
rests on a large base plate, bolted to the founda- 
ion stones and to the wall of the engine-house. 
In order to insare a constant supply of oil to the 
bearing, it is usual to cut away nearly the whole 
depth of the footstep, or that portion of the brass 
in the corner opposite to the thrust of the bevel 
wheels, as shown in the plan, fig. 154 ; this cavity 
is then kept full of oil, and lubricates the shaft 
throughout at every revolution * Again, in cot- 
ton, woolen, and flax mills, when the first motion 
and vertical shafts have been duly proportioned 
to the work they have to perform, it becomes ne- 
cessary to consider the diameter, speeds, etc^ of 
the light shafting for driving the machinery in 
the different rooms. The formula given for 
strength, etc., in a former part of thi» work, will 
apply to this description of gearing and mill-work 
where the length does not exceed 120 feet. In 
long ranges of shafts, of from 150 to 200 feet in 
length, where the power applied to the machinery 
at the end of the room is considerable, it is essen- 
tially necessary to increase their strengths in ordei 
to prevent torsion or twist. This is a considera- 
tion of much importance, and requires careful 

* The reader ma^ compare what ia here said of footatepi 
With that Id Mills and Millwork, Part I., pp. 168, 173, oa 
thfl Btepa for turbine BhsAB. 
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attention, as long ranges of light shafts are very 
elastic — they, in some eases, eflVjct nearly a com- 
plete revolutioD aC tlie point of imparted motion 
Ueibre the extreme ends begin to move. The 
result of the power so irregularly transmitted by 
lie spring of the shaftsj resolves itself into a Heriea 
of accelerated and retarded moEioaa through the 
whole line of sliafts^ and imparta to the machinery 
in one-half of the room a very variable motion. 
Want of stiffneas is a great evil in long lines of 
shafting, and, as we have already observed, in. 
stances are not wanting in which whole linets have 
been removed entirely from this cau^e. 

The transmi-ssioa of power to niaoljiiiery placed 
at diflterent angles from the line of aliafls, whi*!h 
ia sometitnes the case ia old inills, has generally 
been eftected by the universal joint fig. 156 

Fig. 1S3, 



wbicb worts moderately well at an obtuse angle, 
but I have always foitnd in my own practice that 
bevel wheels, aa at B, fig. 156, are pi'eferable and 
more satisfaetory. They gjv« much trouble, 
and work with greater ease, than tika universal 
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joint. Other examples might be given for the 
guidance of the practical millwright; but, haying 
to discuss these points at greater length when we 
come to treat of the diiferent kinds of mills ami 
different methods of gearing, we must direct the 

rig. iM. 



reader to those portions of the work which 
ourn his own immediate practice. 

The following table exhibits the diameter of 
shafts, length of journals, diameter and propor- 
tions of couplings, etc., derived from actual prac- 
tice, which may be useful to the less experienced 
millwright and engineer: 



Public^ 



WE 



fboporhons of shafts. 
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AMATEUR MECHANICS' WORKSHOP: 

A (realise containing plain and concise Jirections for the manipula- 
tion of Wood and Metals, including Casting. Forgitig, Braiifig, 
Soldering and Carpentry, By ihc author of the " La.the and lu 
Uses." Seventh edition. Illustrated. Stb. , , £2.50 

ANDES.— Animal Fats and Oils: 

Tlieir FVactical rioJii-ztirin, Purification and Uses; tlieir FropeiticB, 
Falsihcatian ^nd Kx;j:ii.iinaiiaTi. 62 ill US I rations. Svo. 

ANDES— Vegetable Fata and Oils: 

Theii" I'raclical Pieparaliyii, I'ltrificaiion and EmplgymcJlt; their 
Protieilies, Ailiilier.ilitJii and Ex.tinitiAlion. 94 ilJu&[mtiaDS. Svo. 

ARLOT.— A Complete Guide for Coacb Painters 
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ttcven ycais Foretiian of Pain.dtig to M. EherJcr, Coach Maker. 
Paris. By A. A. Ffsqueh". Chemist and Engineer. To whicL ie 
sd<3ed an Appendix, containing Informatinj '■f«>ectin.E the Materiab 
And thf Practice Qi Coach and Car Painting Virftithing in tht 
Uaied Statefi &nd Greu Briijin 12010. . - . t^>t^ 
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A.RMEKGAUD. AMOROUX, AND JOHNSON — The Practt 
cal Draug^htsman's Book ot Industrial Design, and Ma 
chinisfs and Engineer's Drawing Cornpanion : 
Fonriii[{ a Coii:i[3kl. Ci-ur-ii; of ^[cchLl^il;al Engineering ind Arc 
leclural lJrawi,«n;. I'limi ihe French uf M Anmengaud lUe elder,! 
I'ror. oi Design ri the Consei'viitoLre of Arts and Imluslry, Paris, and 
M M. ArmeiiKfliiiJ [lie yoitngerj ami Amciroux, Civil Engineers. Rc- 
wriWcn and arranged, with additional raaitcranfl ptjtes, selections dam 
and eKa[npl<;s of ilie must u^efyl nnd generally eiriployed tnechaniKm 
of Ihc day. By Wii.i.iam JuHNStiN, Assoc- lust. C. E, IJluslraied 
by fiTiy TqIlo steel, plates, and lifly wood-cuiSi, A new edilion, 410., 
clijlli , . . 1^6,00 

ARMSTRONG.— The Constmction and Management of Steani 
Boilers : 

By R. Armstrong, C. E. With an Appendix by Robert Mai-le' 
C. E., 1'. li. S. Seventh Eiliition. Illustrated, i val. lanio. 

ARROWSMITH.— Paper-Hanger's Companion : 

A Treatise in whicli tlie Practical Opierations of the Trade are 
Sysiemalically laid down;: with Copious IJirL-ctir'ns Preparatory W 
Papering; Prevenlives :^ainst ihe EfTeci of D;imp on Walla; ihff 
various Cements and Pa&tes Adapted t" the Several Purposes oi 
Uie Trade; Observations and Directions for the I'anelling and 
Omanicnting q( Rooms^ etc. By James Arrowsmith. 12100., 
cloth ...... . (r^oo 

A.SHTON, — The Tlieory and Practice of the Art of Designing 
Fancy Cotton and WooUen Clothe from Sample : 
Giving full instructions for reducing drafts, as well as the inelhudi. of 
Spooling and making out harness for cross drafis and finding any re- 
quired reed; with cnlculalions and tables of yam. By FrkDeKIC T. 
AsHTON, Designer. West Pittsfield, Mass. With Hi(ly-lwo iHu'tralicns. 
One vol, folliu ........ 

A.SKINSON.— Perfumes and their PreptirRtkin ; 

A Comprehensive Treatise on Perfumery, containing Complefe 
DirectiLins for Making Handkerchief Perfumes, Smelllng-Saltftr 
Sachets, Fumigaling Pastjts; Preparations for the Care of ihe Ski^i 
the Moulti, the Hair i Cosmetics, Hair Dyes, and other Toilet 
Article!!, By G.W. AsKlNSON, Translated fromlhe German by IsiDOEl 
FuBST- Revised by CiiARi-ES RlcE, 32 iSlustratians. 8vo, f3''00 

BRONGNIART.— Coloring and Decoration of Ceramic Ware. 

8vo $2.00 

0AIRD.— Th* American Cotton Spinner, anc Manager's «s4 
Carder's Guide: 

A Practical 't reatise on Cottoh Spinning; giving the Dimensions .ind 
Speed of Machinery, Draught and Twi^t Calculationst tic; with 
notices o^ recent TrapravcmentS: together with Rules and Examplet 
ibt naMing changes in the sites and numbers of Roving and ¥a 
wpiicd frnon the pap«i; at tlie \mU RoauT H. Baikd. ixno. 
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BAIRD — Standard Wages Computing Tables : 

An Impronimtiit in iill luriiiti Methods of CciminLlation, so nrrsngsfc 
tlut waf^es for days, liours, ur fi-iiciioni of hnurs, at a Rt^eciRed rale 
per ilay ur hour, may he asctrtaiiietl at a glance. By T. SPANCLER 
Bairu. Obloiit: Tiilli ti-oo 

8AKER.— Long-Spsn Railway Bridges: 

Comprisinfi; jni'^sligaLiuns uf ihe Com pnirntive Theorelica] anil 
PratjiiciiL AilvaiiUgts of the viuions AduiHcJ or Proiiosed Type 
Syfileinsof CQiUb^lrliction j wLlh niiniL'ruuE I' lilnrnjl-ce antl I'ahles. lly 
0. ]iAK?:K. rsnio. $t.oo 

£AKER.— The Malhematical Theory of the Steam-Engine : 
WilK Knits at length, and K>:sinpk5 wiirked oui kit llie usu uf 
fiacticai Mtn. By T. Bakkr, C. E., with numerous Diagrams. 
Sixlli Eiliiiiiii, Ueviseit by Prof. J, R. V'oifNn;. laniii, , 75 

BARLOW. — The History and PrincipJes of Weaving-, by 
Hand and by Power: 
Rc{jrijiied, witii Considerable Additions, from " Engineering," wilh 
a chapter on Lace-makicg Machinery, reprinied from the Journal of 
the " Sacitty of -Arts," By Alfred Barlow. With several hundred 
i! lustrations. Svo., 443 jsages . . . . . (Scarce.) 

BARR. — A Practical Treatise on the Combustion of Coal: 
Including descripuons of Vririous mechanical devices for the Eco- 
nomic Generation (if Ileal by the Combustion of l-'iml, wliether Eolid, 
liquid or gasH=OUS. Svo $2.$0 

B ARR. — A Practical Treatise on High Pressure Stesm Boilera : 
tncluding Results of Recent Exfierimetital Te^ls of Boiler Materials, 
together with a Description of Apjjrovcd bafely Apjiaistus, Hieam 
Purnps, Injectors aiLd Economiiers in actual use. fiyWu. M. Bark, 
204 Tllustralions. Svo, , i^.oo 

8AUERMAN. — A Treatise on the Metallurgy of Iron: 
Contziining Oiiillines of ihc History I'f Iron Manufacture, Meihodii a{ 
As&ay. an.d Analysis of Iron Ores, Proceases of Maiivifaclure of Iron 
and Sleelv etc., etc. By H. BALtRMAN, F, G. S., Associate of the 
Royal School of Mines. Fifth Edition, Revised and Enlarged. 
IllusiniteJ Willi numerous Wogd Engravings from Drawings by J. B, 
Jordan. lamo. $^-<x 

BRANNT.~The Metallic Alloys ; A Practical Guide 

for tiie MaituHicture ol all kinds of Alleys, Ainali^aiu:^, aud Solders, 
u^ed by Meial-Wockers; logethei' wilh their Chemical and Physical 
Properties and their Applicatiun in ihe Ans and iht; Iriduslriei.; wilh 
an AppendiK on ihe Coloring of Allays and liie Recovery of Waste 
Melfils. By WjLLiAM Tr Bhannt, J4 Engravings. A New, Re- 
vised, and Enlarged Edilioii. 55J pag«;S. &vo. . . 

BEANS. — A Treatise on Railway Curves and Location of 
Railroads: 

By E. W. Bp-ANS, C. E. llhi.slrnied. i2mo. Tucks . $i..so 
BECKETT.— A Rudimentary Treatise on Clocks, and Watchea 
and Bells r 

By Sir EuMUrin Beckett, Bart., I.L. D., Q. C. F. R. A. S. With 
BiimeTou* illustr^ioTis. Sfivfttilh Edition, '-cvBed and EnUr^nd. 
■Jaw V"** 
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BELL.— Carpentry Mad« Easy; 

Or, The Scne^ce ijiJ Art of Framing on a New and IraproreJ 
System. With Specific Insimciionii for Jiuild'ing Balloon Franies, Barn 
Frameti, Mill Frames, Wareliouses, Church Spires, elc, Comprising 
also a Sy^t^m of Bnrj(;i: Building, with Bills, Estimates of Cost, and 
vahiabli; Tables. Ulu^troieil l»y forly-four plates, comprising Aeaih^ 
300 (igUTcs.. By WiLl-iAM E. UfcLi., Archiicci nnrl I'raclical Buihl«r. 
Svi>. , . , - . . , . , $^.00 

BEMROSE. — Fret-Cutting and PerfoTated Carving: 

Wiih (ifly-lhree praclicaJ lllusiiraliDDs. By W. BEMkasii, Jr. i vqU 
qUarlo 

B EM ROSE.— Manual of Buhl-work and Marquetry: 

With frJCtii^al Insiructions tor Learners, and ninety colored designs. 
By W. Brmrdse, Ir. i voJ. iiuarto .... ^3.00 

a EM ROSE. — Manual of Wood Carving; 

With I'ractical lIlustr.Tlions for Learners &f the Art, ?.iid Ori^nal and 
SeJetKtl Dciign^. \iy William Bemrose, Jr. With an Intro 
duction hy Llewellvm Jewitt, F. S. A., etc. With 128 illustca- 
liciTis, 4to. f2.5 

BILLINGS.— Tobacco: 

Its History, Variety, Culture. Manufacture, Commerce, and VariotH 
Mode^ of Use. By E. R. Billings. liliislraleJ by nearly 20O 
engravings. 8vo. I13. 

BIRD, — T^c AmEiican Practical Dyers' Companion; 

Ctimprisinir a Descriplion of (Ik I'riricipa] Dyc-Jitufls and ChemicaJl 
used in Dyeing, ihtfir Naliires and Usesi Mordants, and How Made; 
with the best American, EtiglUh, French and Germin processes for 
Bleaching and Dyeing Silk, Wool, Cotton, Linen, Ffanncl. Felt, 
Dress Goods, Mixed and Hosiery Yarns, Feathers, Gra.ss, Felt, Fur, 
Woo], and Straw Hats, Jole Yarn, VegetaNe Ivory, Mats, Skins, 
Furs, Leather, etc., ttu. By Wood, Aniline, and other Proces*e(, 
tt^ether with Remiarks or Finishing Agents, and Instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water- Proofing of 
Mnteri-ils, Tesis and Fiirificatioti of Water, Manufacture of Aniline 
and other New Dytt W'ares, Harmnmiing Colors, eic, etc. ; embrac- 
ing in all over Soo Keceipts for Colors and Shades, /^cccw/awiVa' JSj 
170 Sa»i/>//-s pf kato Materiats an<f J-'.ifincs. By F. J. filRI), 

Practical Dyer, Author of "The Dyers' Hand-Book." Svo, 1*7.50 

BLINN. — A Practical Workshop Compamoin for Tin^ Sbee 
Iron, and Copper-plate Workers ; 
Containing Rules for describing various kinds of Fatterns used tij 
Tin, Sheet-Iron and Copper-plate Workers; Practical Geotnetcyj 
Mensuration of Surface-i and Solids ^ Tables of the Weights 9/ 
kleluls. Lead-pipe, elc. ; Tables of Areas and Circumfcrenca' 
of Circles; Jnpaji, Varni'^hes, Lackers, Cements, Conipnsitions, etc., 
etc. By LenaY J, Bltnn, Master Mechanic. With One Hundred 
■nd Seventy lUuiitrations. lamo. , . , , , f?,5o 
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BOOTH.— Marble Worker's Manual ; 

Containing t'raciical InfDrination rcsipe'Cling Mdrbl'^s ici genera.!, Iheil 
CuICing, Working and Polishing; Veneering of Marble; Mosaics; 
Compositmn and Use of ArLilicial Marble, finiccoi, Cemenls, Receipts, 
Secigis eic,^ cic. Translated from the h'reui-h ijy M. H'WTiti 
With an AiipeniliY coMceniiiig American Marbles. I2inu., cluth Sl.JO 
BOOTH and MORFIT,— The Encyclopaedia of Chemistryt 
Praeiicai and Theoretical : 
Emhrating its 3,[i|3liaLlioh lo the Arts, Metallurgy, Mineralogy, 
Gt;ology, Medicine t.id Hhacmacy, By James C. BchjTH, Meltet 
ami Refiner in ihe United SlaEes Mini, Professor of Applied Chem- 
isiry in ihe Franklin Inslituie. eic, asnsied by CaMI-HSlL MdRFIT, 
author of " Chemical Manipulations," etc. Seventh Edition. Cumr 
plete in one volume, roy^l Svo., 978 pages, with niimeroU!) WOod-CUll 
.^nd oiher illii:sir.ini>m , (Scaice.) 

BBAM WELL^The Wool Carder's Vade-Mecutn ► 

A Coraplete MaiiuaJ of the Art uf Cartling Tcfclile Fabrics. By W. 
C Eramwell. Third Edicion, revised and e,i!ai'ged, Ililusirated. 

Pp, 400. l2nio. ■S5.50 

BRANNT.— A Practical Treatise on Animal and Vegeubl* 
Fats and Oils : 

Compiis^ing Ixtth Fixed and Volatile Oils, their Pliysical and Chem- 
ical Properlies and Uses, the Manner of ExliacHii^ and Relining 
ttieni, and Pi-aciical Ri.il<:5 lor Testing them; a&welL as ihe Manufac- 
tLtre of Artificial butter and Lubncants., ntc, willi lists of Aaiettcaii 
Paienis ceUtiiLg lo ihe E>:traciioii, Rendcrinij, Itetijiint;, Decompo-sing, 
anii Bleaching of tats and Oils. Ey William T. Braknt, Editor 
of ihe " I'echno Chemical Receipt Bimk." Second Edition, Revised 
and in a great pact Rewriiiieri. Illustrated by 302 EngraviDgs. In 

Two Volumes. 1304 pp. 8vo jiio.oo 

BRANNT,— A Practical Treatise on the Manufacture of Soap 
and Candles : 

BasL-ii u|.HT-n ihe most Ut-cHj-iii lix|.ierit.-nces in iln^ Fraciice and Science; 
i:onipriairg the Chemistry, Raw Maicrink, Maclii,nc;rv. and Ulensiis 
and Various Processes of Manufacture, including a great variely of 
lormtilaE. Edited eliieliy fnnii ihe German of Dr. C. Deile, A. 
linyeltiardt, Dr. C. Schacdler and ottieri; with additions ajid liaf^ 
0/ Americnn Patents relaliiig (o these subjetrls. By Wm- T. EranM' 
Illustrated by 163 engravings. 677 pages. Svo. . . ij-S^ 

BRANNT.— India Rubber, Gtitta Percha and Balata : 

Occurrence, Geoijiiiiiliical Disirjhulion, and Cnltiviilioti, Otitainhig 
and Pieparitie the Raw M^iterials, Modes of 'Wortitng and Uiilialng 
them, Ihchidirp Wa.shifig, Mncerj^iion, Mixing, Viilcfl rising;. Rubber 
and n«lta-Percha Ci^™t>r>umls, Ulilizalion nf VVatle, etc. By WlLlr- 
1AM T. Branmt. Illustrated, tzmo, (1900.} . fyoa 
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BRANNT— WAHL.— The Teelino- Chemical Receipt BOOiCi 
Containiiig -cvrral th<jLi&in>l Keccijju Loreriitg ihe laiesc, civos JM 
pnrtatil, 3ii<l iHiiii usiclut di-icavLTitfs in Chemical Technology, aat 
iheir I'r.iaic .J .■^i>(jh-.aH'*ti in ilic Ait-^ ami ihe Industrie-. Editea 
:hielly f'om ihe C^'nosn of Dr*- Wincklcr. EUner, HeUitze. Mier. 
Einaki, Tacobstii^ Kuller, aiid Het'iitrling, trilti addititrDs by \Vu. 1« 
Brannt aod Wm. li. Wahl, Ph. D. Illustrated by jS engravings 
Itoio. 495 pigc' . . . . ' Jaol 

BROWN. — Five Handred and Seven Mechanical Movements: 
Embracing all lliase which artr important in Dynamics. Hy- 
draulics^ HydfOilatics, Pneumatics, Steam- Engines, Mill and other 
Gearing, Presses, Horology and Miftcellsncoas Machinery; and in. 
eluding! many movements never before published, and several of 
which have only recently come into use. By Hehby T. Brows. 
I2nni $1,00 

BUCKM ASTER.— The Elements of Mechanical Physics: 
By J. C. BLTt; MASTER- IHuslraieci with numeroijii eugravings. 
l2ino tt.OO 

BULLOCK.— The American Cottaire Builder; 

A Series of Designs. Plans anJ Specifications, from $200 lo JjO^OOG, 
for Homes for the People ; together with Warming. Ventilation, 
Dmiiiage, Paintinji n.iid l,andsca.pe Gardening. Dy JOHN BOLUKTE, 
Arch'lecf and Editor of " Tlie Riidiruents of Architcctare and 
EuiMing," elc.i elc. Illu&iraled by 75 engraving!;. 8v*i. {2.50 

BULLOCK.— The Rudiments of Architecture and Building: 
For ihc use n( Architects, Bjilders, I>raiii;hlsmeii. Machinists, En- 
gineers and McchiJiica. Edited byJoHN Bullock, anthor of "The 
Americati Cottage Builder. " IflustraEed by 250 Engravings. 8va.E2.50 

BURGH.— Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 
l)y N. P. 11i;h<;h, Enylnetr. i2mo. ... ti.50 

BY LES.— Sophisms of Free Trade and Popular Political 
Economy Examined, 
by ii. BAkilisTliR (StU JnHN BAhS.'^Bli BvLKS, Juilge of Cominun 
Pleas). h'lfoin the Ninth English Etlitioii. as published by ihe 
Manchester Kecijirccily Association, tjnio. . . . Si. 25 

BOWMAN.— The Structure of the Wool Fibre In Its RelatioQ 
to the Uee of Wop] for Technical Purposes : 
Bcinjj the subMance, with addili^Jii^, of FiMs Lentui-es, detiveTf<i at 
':lie re-juest of the Cuuncii, to ihe nieraheri of the Bradford TtclLnit; if 
Collfge, and the Society of Dy^rs arcl Coluiists. By K. II. IJiiw 
HrtN, U.Sc, F, R. S. t., F. J- S, Illustrated hy 32 en^avings. 
S*'". . 1:5.00 

BYRNE,— Hand-Book for the Artisan, Mechanic, and End- 

"••(iineer: 

Compri'iitig the Grinding and Sharpening of Culling Tools, Abi-ci.,e 
ProccJime?!, Lapidary Work, Otm and Glass Engraving, Ynrniahing 
afld LnEkcciui;, Apmrjlua, Materials and I'locesses far GrindinjE and 
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Poliiihingr etc. By Oliver Bykhe. Illustraled by 185 wood en- 

grav iTigs . Svo, , , . f 

BYRNE.— Pocket -Book Tor Railroad and Civil Engineers : 

Containing New, Exact unA Concise Mclliods for Laying out Raiiro^d 
Curves, SwilchtJi, Frog Angles aitd Crussjngs; the Staking oilt of 
work; Lev^cllin^: t^e Calculation of Cuttings; Etnbankmtnts ; Eiirih' 
work, etc. By OLIVER BVRNE, l8mo., full bound, pocket-book 

fonn fl^SO 

BYRNE. — The Practical Metal- Worker's Assiatant : 
Comprising Meulturgic Cheinitstry ; ihc Arts of Working afl Melals 
and Allfiy>: Furging of Iron and Sleel; Hardening and Temperingi 
Melting and Mixing; Casting ajid Foiiiidiiig ; ■Works in Sheet Metal; 
the Processes Dependent OH ihe Ductiluy uf the Metals; Soldering; 
and the nio^t Im[!TOved Processes and Tools employed Ijy Metal- 
Workers. With ihe Application of the Art of Electro- Metallurgy to 
Manuracturing Processes; collected from Originni Sources, and from 
the works of Holtiapffel, Btrgeron, Leupoid, PIumEer, NaEMec, 
Scofl'ern, CUy, Fairbairn and others. By Olifeu Evrne-. Anew, 
revi_sed and improved edition, to whicli is added an AppendiJt, Cail^ 
tairting The Manufacture of Russian. Sheet-Iron. By John Percy,, 
M. D.f F. R, S, The Manttfaccure of Malleable Iron Casiinijs, and 
^ Improvements in Bessemer Slecl. By A. A. FesqUET, Chembt And 
■ Engineer. With over Six Hundred Engravings, Illustrating every 

W Branch of the Subject. 8vo. fS-OO 

BYRNE.— The Practical Model Calculator: 

For the Eiij^inctr. Mechanic, Manufacturer of Engine Wofk, Nita] 
ATChiteci, Mtner.:inid MilJwrighi. By Ol.ivlh. Byrne, Svo., nearly 
60D pai;es . , . f'j od 

CABINET MAKER'S ALBUM OF FURNITUREi 
Comprising a Colleccion of De=.ij>n5 for various Styles of Furniture. 
Illustraltid by Kony-eight Large and Kf-aiitifully Engmi Plates. 

Obtmig^. f 1-5° 

CALLINGHAM.— Sign Writing iind Crlana ErabosaSnif : 
^ A Otmplete I'rnciical Illustnilcd Maruil of the Art. Hy James 
I CallinghaM- To which are added Numeroufl AlphabeU and the 
I An of Letter Painting Made Easy. By James C. Bap&noch 258 
H P^ca. [2rao. ... ..... f''5^ 

'CAMPJN. — A Practical Treatise on Mechanical Engineering; 
Compri&tng Metallurgy. Moulding, Cas'Lirf;, I'^Tj^iiig, 'i'o"j]s. Work, 
shop Machinery. Mtc]|ianital Manipulatinn, Manufaclun? of Steam- 
Engines, etc. With Apperdis on the Analysis of Iron and Iron 
Ores. By Fpam:i5 Camhin, C. E, To which mre added. Olistrvationi 
att the Construction iif Steam Bailers, and Rernarks upon FurraCM 
lued for Sm')kc Preventfon ; with a Chapter nn Explosions. Bv R. 
l^^^^^RONiT, C. E.. and joHS Boltr we. {Scarce.) 
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CAREY.— A Memoir of Henry C. Carey. 

By Dr. \Vm, El.DKH, With ^ |«>rEi-:iit, Svo., cloth . . 75 

CAREY,— The Works of Henry C, Carey : 

Harmony of Interests; Agriculiural, ManufActunng ajid Comioer- 

tial, 8vy. , . ii.as 

Manual or SocUl Science. Condtn^ed from Carey's "Principle; 
of Social Science." fiy Katf. McKean. t vol. lamo. . ^2.00 
Miscellaneous Works. With a Porlrail. 2 vols, 8vo. $XO.oo 

Past, Present and Fmure, Svo ^3.50 

Principles of S^ocial Science. 3 volume^;, Svo, . . S7'50 
The Slavc-Tradc, Doraeslic and Foreign; Why it Exists, an-l 
How it may l>e ExtiTigijishE:^ (1SJ3). Svo. . , . Jz.OQ 
Tbe Unity of L.aw: A^. Eihibile<l in ibe RelFvlians of Physical, 
Sodal, Mental and Moral Sciuiice ( 1872). Svo. . . <2.5a 

CLrARK.— Tramways, their Construction and Working^: 

Embracing 9 Conl[jrellensivf History of ihe System. With Btt ex- 
hausLive aimlys]» of the variuu^i nnjEie^ of iraciion, including hurvc 
power, steam, healed water a id comi^irei'.cd air ; a description of thr 
Tsrieli^a of Kolhrg slock, ami ample deialls u\ cost and working eic- 
penses. By D. KiNNtiAft C>,akK. iUu^trated by over 200 wood 
cngraviiips, and thirteen fuldiiif; platen, i vol. Svo. . ^7.30 

COL.BURN.— The Locomotive Engine: 
Including; a De^kCri^iitinii of iu Siruuiure, KuleR Utr E^ti'^tuKit)^ its 
Capabilitie?^, ami Practical Oh-icrvaiinns on its Con'-tnuclirjn and Man 
Bgement. Hy ZkraH CoLlillRN. 13! .straled. I2tiui. . |l.O0 

COLLENS.— The Eden of Labor; or, the Chnscian Utopia. 
By T. Wharton Coi.i.ens. auihar of ■" Jlamamics," "The JlisLng 
of Charity, " eic. lamo. P;ipsT ctivf^r, $1.00; Cloth , ^1.25 

eoOLEY.— A Complete Practical Treatise on Perfutr,eiy: 
Being n, Hand-biiiilc of Perfumes, Cosmetics and other Tciiet Articlei 
With a. Con-ipretiensive CoJltction of Fornrmlie. By AlLVULD \ 
Cqoi.IlV. lamn, , . ^.1.50 

COOPER. — A Treatise on the uae of Beltisg- for the TranL- 
mission of Pjwer. 
With numerous illustrations af approved atid actual melKods of Sr 
ranging Main Driving and Quarter Twist Bells, and of Relt rasteo 
ings. Exnniples iiiid Rules in great number for csliLbiling aftd cal- 
culating the SAZ<^ and driving power of Bdls, Pltiin, F3.rticular and 
Practical iJirt-irlions for tlie Trualment^ Care and Manigenient 1/ 
JQcUs. Dc!icripiian:i of many varieues of Sellings, toTether ^k'ita 
chapters on the Transmission ol Power by Rupes; hy Iran and 
WdoiI Fvtciional Gearing ; on the Strength of BeJiing Ltather; and 
on llie Experimental Jnvcstigatiors of Marin, Briggs, and titJitrs. Bjl 
John H. CoofKR, M. E. Svo ' >j,so 

CRAIK,— The Practical American Millwright and MUlei, 

By Davfd Craik, Millwright. illu<;tralcd by numerous wood en- 
gravings and two falding pbies, &vo, . , t ' (Scarce,) 



CROSS.— The Cotton Yarn Spinners 

Hliowing how llie rrr-|iLiraLioiii should hs aiRingetl for Dillerenl 
Courts of Yams hy a Sj-siem more uniform than lias liiilierLo been 
praCLiced; by having a Slaiidard Scliedule from which we mnlfe all 
our Ctiatiges. Hy Rjchard CRosa. 122 ]>p, iiino. . 75 

CRISTIANI.— A Tech ical Treatise on Soap and Candles: 

Witli a Glance al die Industry of I-'ais nnd Oils, lly K. S. Clti5- 
TIANI, Chemist, Auihmr of'* I^erfmni-Ty ami Kindred Arts." llliis- 
irated by 176 engravings, 5S1 pajjes, Svo. ^I^oj 

COURTNEY— The Boiler Maker's Assistant in Drawing, 
Templating, and Calculating Boiler Work and Tank 
Work, etc. 

Revised liy L>, K Clakk. 102 Ills. Fifth cdiiion . 80 
COURTNEY.— The Boiler Maker's Ready RccKoner: 

Willi Examples nf Praetical tieuineiLy and TcnipEaling, Revised hf 
D. K. Clakk, C. E. 37 ilLusiratioiis. Fifth ?dilton, $1.60 

DAVIDSON. — A Practical Manual of House Painting-, Grain- 
ing, Marblingt and Sign- Writing: 
ConiMtiing full informaiion on ilie prcicesses of House Painiing in 
Oil and Distemper, the Forrnalion of I,e(ters. and Practice of Hi|pi' 
W/iiing, ihe Principtes of Decorative Art, a Couree of ElemenidTy 
Drawing for House Painters, Wrilers, etc., and a Collcclicin of Useful 
Receipts. With oinC Colored illustrations of Woods, and M'Bxblcs, 
and numerous wood engravings. By Ellis A Davidson, ixmo. 

DAVIES.— A Treatise on Earthy and Other Minerals and 

Mining! 

By D. C. DAVtES, F. G. S,, Mining Engineer, etc. Illustrated by 

76 tngraviiigs. i2mo, , ■ ■ . ^ . . {.j OO 

DAVIES.— A Treatise on Metillifeious Minerals and Mining-: 
Dy D. C, Davies, f. O. .S , Mining Engineer, EKB.niiHier uf Mines, 
Quarries and Collieries,, Ilhi^lrated by I48 engravings of Geological 
Eomialicns, Mining Opcratioits and Machinery, drRnn from ihe 
practice of all j>arts of llie worh-l. Fifth Edition, thoroughly Revised 
and much Enlarged by his son, E. Henry Davies. i2mo, 524 
pages . ■ t$'00 

DAVIES.— A Treatise on Slate and Slate Qtiarrying^: 

Seieniiilic. Practica] and Commercial, By D. C. DAvies, F. G, S., 
Mining Engineer, etc. With numerous illuttrations and folding 

pl^te^. ; 3 nio , , , . $t.30 

DAVIS. — A Practical Treatise on the Manufacture of Brick, 
Tiles and Terra'Coita 1 
Ii;cluding Stiff Oay, Dry Clay. Hand Made. Pressed or Front, and 
Roadway Paving Brick, En.inietled Brick. Willi Glazes and Colors, 
Fire Brick and Rloclcs. Silica Hrick, Cailjon Brick, Glass Pots, Re- 
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lorts, Arcltiwctufal Tetra-Co«a. Scwtr Viyic, Drain Tile, GU2««] naA 
IJngtazed Routing; Tile, Art Tile. Mosaics, aigcl Iniitaiiun of InUrsil 
or lnlai<i Suffices. Comparing evciy (trfwiaci of Cby empl oyed in 
Afc:lii|:i:eii]re, Engineerin>^, anil itie Bias! furnace. With a Dciinlec) 
Uciicn ion of tine Dirfeiem Ch.y& cmpioyeJ, ihe Most NEoilera 
Maciiinery, Tools, and KUh^ lt>e(l, and ihe Ptpccsse* for liaiiiiling, 
DisitilCgraiing, Temjieriliy, aii-l Moulding the Oay into Shajie, Dry- 
ing. Seniiig, and Biifnini;, By Charles Thomas Davis. Thiid Edi- 
I'ton, Revised and in great part rewiiltea. ILIustratt-d by 261 
eij^ravmg!!. 662 [tages . SS-OO 

DAVIS.— A Treatise on Slcam-Boiler Incrustation and Meth- 
ods far Preventing Corrosion and the Formation of Scale: 

by LH^KI.Ea T. l),iVia lllustrLileil by 63 engiaiings, 8i'u. 
DAVIS. — The Manufacture of Paper: 

Being a Description gf ilie various pEOoessM for the Fahricarionj 
LoWitit; and Finisbirg of every kind of Paper, Including the Dif- 
ferent Raw Malenals and the Methods for Deicrminiiig tSteir Values, 
ihe T'jols, Mairhiiieb and IVactical Deta.ils conrecled wilh an inleth- 
gent and proiilable ])TDseci]tion of the art, with s)>ecial reference ta 
(he he>l American I'raclice. i'o which are added a History nf Ta- 
per, complete Lists of Paper-Making Materials, List of American 
Machines, Took and Prnce!ise& used in (resiting the Raw Materials, 
a.itd in Making, Coloring and Rnishing Paper, By Chakles T 
Davis, Illuiirated by 156 engravings, 60S pages, Svo, 86.00 
DAVIS. — The Manufacture of Leather: 

Being a LJe.scriplioii ijf all the Processes for the Tanning and TawinB 
with Bork, F^iiiractSj Clirome and ail Moslem Tannai;es in General 
Use.aiidiheCiirryiiig, Fimshitig and Dyeing of Every Kind of Leather; 
[licluilitlg llie Vaiiim.'i Raw Miit^ilalsi, (he Tools, Machines, and all 
DeljLi1& nf ImjmiLance Connected with an Intcllii^etit atu] ProfiiahJe 
Prosecuiioii of the Art. wjih Special Keference to the Best Amencan 
Practice. To which aie ailded Lists of American Faients ( 1S84-1397) 
for Materials, Proce^^ses, TooU nnd Machines for Tanning, Currying, 
elC. \iy Lhari.es Thomas Oavis. Second Eiiilion. Revi(ie<l, and 
ill grcnt part Rewritten. lUilstiatieil by I47 engtaviligs ami 14 Sam- 
ples (}l Qtielirnchn T.Aiined and Andine Dyed Leathers. Svo. cloth, 

713 }iagc5. Price $7 5^ 

DAWIDOWSKY — BRANNT.— A Practical Treatise on the 
Raw MateriaJs and Fabrication of QluCi Gclaltne, Gelalintt 
Vcneera and Foils, Isinglass, Cements, Pastes, Mucilages, 
etc, : i 
Kiiserl (ipoii Actual Knijertence, By F. Dawidowskv, Technicall 
(/heinisl. 'Iraiulaiyd from the: tiernnBn, with i-xlensive ad(litiaiii<J 
iifduiiiiig a ilc-,cii|itiOii of ihu nif^st Recent Atncrican Processes, I7I 
Wll.t.lAM T. Branm, (.iradiiiaie of the Royal Agricultural College 
of li!l^lena^ P(us-.in. 35 lin|;iaviiigs. 1 2mo. . . . ^2.50 
DH. GRAFF.— The Geometrical Stair- Builders^ Guide; 
being a I'laiii Practical System of Ham] -Railing, embiacing all hi 
neCCS.'f.'irv fJcraih, and Geumctricnlly Illustrated by twenly-two Steel 
^''er.^v(fijT>; (iigt'lher wUh l^c u?iC oi vhtiriQ^t 4,i,)^Twt4 ^ndpla 
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DE KONINCK—DIETZ,— A Prsctical Manual of Chemical 
AulysiB and Assaying: 
Asapplic^d to ihe Maiiijfj;;ture of Iron rrom its Ores^ and to Cast IfOli^ 
Wrought Iron, and Steel, as hnm<\ m Conunerce. By L. L. Dh 
KdNINCK, Dr. He, and Dif.tx. Engineer. Edileil wilii Notes, iij" 
Robert Mallet, F. R. S., F. S. G., M. I. C. etc, AnicricMi 
EdiLiciTl, Ediiied wjili Noies and an Appeniibton Irui; Ores, by A. A* 
FeSijUET, Chemist and Enj^ineer, I2Tno. , . . iSl>50 

DUNCAN.— Practical Surveyor's Guide: 
Containing ihe necessary information to make any person of coim 
nion cap3iCLlv, n finished land surveyor wLthaut ihe aid of a teacher 
By AnhkelW Dl nl:an. Revised. 72eri}iravinf;'&, ?I4PP- i2mo. Si. Jo 
DUPL.AIS. — A Treatise an. the Manufacture and Distillation 
of Alcoholic Ltiquars; 
j^FComprLsing Accurate ^nd Complete Details in Regard to Akohol 
from Wine, Molas'.es, UecW, [!raln, Uice, Potatot-s, Soi^linm, Aspha. 
del, Fruits, etc, ; u'ith the Di'ttillation and Rectification of Brandy, 
Whiskey, Rum, Cin, Swi-^s Absinthe, etc., the Preparntion of Aro- 
matic Waters. Volatile Oils or Essences, Sugars, Syrups, Aromatic 
Tinctures, Liqueurs, Cordial Winea, Effervescing Wines, etc, tlU 
Apeinp of Brandy and the improvement of Spirits, with Copiow 
Directions and Tables for Testing and Reducing Spirituu'US Lit^HQid 
etc-, elc. Translated and Ediied frt-ni the French of MM. IjuplaiSi 
By M. McKen.vie, M. D. lllustiaied 743 pp. Svo. |>l5.tX} 
DYER AND COLOR-MAKER'S COMPANION : 

Containing upwards of two hundred Receipts for maiiiiig Colors, on 
the most a{i]jroved principles, for all the various styles and fabrics now 
in cvislence ; with tlic Scouring Frocess, aud plain Directions for 
Preparing, Was.hiiig-ofT', and Finishing tiie Goods. lamo. $t 00 
EIDHBRR,— The Techno- Cbemical Guide to DistilUticni : 
A llfiful-Book for the ManuEacture of Alcolinl anil Alcoholic Liqiinrs, 
including the Preparation of Malt and Compressed Yeast. Edited 
from ihe iierman of Ed. Eidherr. Fully illustrated. (In preparation.} 
EDWARDS.— A Catechism of the Marine Steam -Engine, 

For ihe use of EniiiiiecTS, Firemen, and Mechanics. A rrsclica) 
^^Work for Praciic^ii M-m. By Emory Edwards, Me<:hanical Engi- 
^■veer. Il]u--traied by sixty three Ent;r3ving^, including examples >il 
^^the most mi>iJeLn Engine-, Third edition, thoroughly revised, with 
much pdditiort d imllcr, 12 mo. 4 [4 ]iages . |z or 

^UWARDS, — Modem American Lioccmotive En^ea, 
Their Design. CoitBumition and MaoageiD^nt, fjy EuORV EpWARDb 
Il]u<4rated izmo. ........ f2.00 

EDWARDS.— The American Stearo Engineer: 

Theoretical ami ['radical, with esnmples of Ihc latest and ransi ap- 
proved American practice in the design and construction of Steam 
Engines and Boikr^. For the use ol engineers, machinists, boiler- 
vi^kers, anti engineering sludenrs. By Emoky Edwakds. Fully 
liiutrated, 419 p^igcs, i^ino, • . ^ , t^-Sfi 
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EDWARDS.^Modcrn American Marine Engines, Boilera, 
Screw Propellftfs, 

Their JJesign jiinl CorMnjctian. Sho-wiRf^ ifi? Present Pmflice ot 
ihe mil-:! Kminent Engiiietrs nnd Marine Engine IfuklcleTe in the 
Unitcil Mates, inu^lniied l^y 1,0 large and claljorate plalo. 4to, <5,oc 
EDWARDS.— The Practicai Steam Eng^nB^r'a Guide 

!n iSt: IJesi-n. C' rstruttion.aiiil Maii.iii;tnieni ..f AmtiiCiti Srat)oj)at%-. 
PorialjlL% ait'i Sttam Fire- Kngine-i, Sttam Putrtps, Hiiilers, injector^ 
Gujivcrnors, Indicaiors. i'ifatotis and Rings, SaTely Valves and Sleam 
Gauges. For ihe use of Engineers, Fircmeri, and Sleam Users. D) 
Kkory Euwards. Illustrated by 119 engraVLn^s. a20 ptges 
1 3i;nj, .......... f 2 f~ 

SISSL.ER.— The Metallurgy of Gold!: 

A Pmctical Treaii-.^ un ihe Mttaliuryicd Treatment of GoW-B* 
in^ Ores, incLudill^ the PniCessesof Cuncen) ration a.nd Chlorinaticia, 
and the A^^ayiug, Mellinn. ami Kefiniiig of Gold. By M. Eissi 
With 132 lUusiraiioiiis. tzivo 

SISSLER.— The Metallur^ of Silver: 

A i'mciicnl Treatise on Llie Ainali^aiiiatiiiii, Ronvling, and LiK.ivt-itii'n 
of .Silver Ores, illuluiliiig the Ass.iyiuj^, Mcliiug, ;ind Relinuig of 
Stiver Builiun. By M- Eissler. 124 Illustrations. 536 pp. 

ixtao $4^5 

ELDER. — Conversations on the Principal Subjects of Political 
Economy., 

By Db. Wtl.l.lAM Rl-DfeR. Svil. .... 
ELDER.— Questiona of the Day, 

Ecunotnic ctml iiucial. By Dr. William Elder. 8vo. 
ERNl AND BROWN —Mineralogy Simplilied. 

Easy Methods uf Ideiiiilyiny Minerals, induiliiig Ores, by Means o{ 
the BloW'pipc, by Flame Reaciions, by Hlimid Cliemicxl Analysii, 
aud ljy Physical Tesls. liy HEMKI EliKI, A. M , M, D, Third Edi- 
U0S1, revised, re-amnged and with the addtiion of ecitirely new nn.ilteir, 
iiiduding Tables fyr the Deierminatujn of Mitierals by Chemical and 
Pyrognoslic Cliaracters, and liy Physical Chamclers. By Amus f. 
Brown, E. M., I*h. D. 350 pp., illustrated by 96 engravings, pocket- 
b(X)k fomi, full flesilile uioroccu, gilt edges , . . ^2.50 
TAIRBAIRN.— Tbe Principles of Mecbaniam add Maobineij 
of Transmission ' 
Comprising tlic I'rineiptei of Mechanism, Wheels, and hille^H 
SttengKh nnd Proportions of ShaTls, Cnupling of SluLts aiid Enjiiii; 
mg and Discn^jagitig Gear, by Sib W]lliam Emrkaiepi. H&'t 
C. E. Befluliruiiy lllu5trBted by Over I50 Wi>od-Clil5. In oOf 

Tolume. iztno . . . , fz.oo 

FLEMING,— Narrow Gauge Railways in America. 
A Sketch ot their Ri&e, ProjiTress, ami Sulccss. VBluaUe Stiiiiaiici 
«s lo Grades, Curves^ Weight nf Kail, Locomotives, Cars, etc. By 
^owAnn Flb;mih-j. IIlu>traiei:l, Svo, , . , Ji 00 

fORSYTH-— Book o( Designs lot Headstonea. Mural, and 
Other Motiumcnts : 
Containing 7S Designs. By ^AWrsToT^Ttt.. Nl'towt\TSi^A3iOMa 



iticiD, 
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FHANKEL— HUTTER.— A PracUcal Treatise on the Maaa> 
facture of Starch, Glucose, Starch -Sugar, and Dextrine: 
Based on the German of Ladislaus Von Wagner, lYofessor in the 
Royal Technical High School, Budn-Pest, Hungary, and other 
authoriiies. By JULIUS Frankel, (jTdduaie of the Polytechnic 
School of Hanover, Edited by Kobekt Hutter, Chemist^ Praciicai 
Manufacturer of Si arch -Sugar, lUusirat^d by 58 erp-avil!gs. cover- 
ing every boiich of the subject, including examples of ihe most 
Recent and Best American Machinery, Svo., 3:44 pp. , $5 SO 

SARDNER.— The Painter's Encyclopedia : 
Cctniainiag Definitions of all Important Words in Slie An of Plain 
ind Ariistic Painting, with DetaiU of Piactice in Coach, Carriage. 
Railway Car, House, Sign, and Ornametital Painting, including 
Graining, Marbliltg, Staining, Varnishing, Polishing, Lettering, 
Stenciling, Gilding, Bronzing, etc. By Fkakklin iJ. GARDNEa, 
I5S Illustrations. I2mo, 427 pp. ..... $2.0Q 

GARDNER.— Everybody's Paint Book 5 
A Cunipleiti i'liiile to ilie Art of Outdoor and Indoor Fainting. 3S 
jJlil-SiratiuJis l;mn, 183 {ip. ^I.OO 

OEG._The Jeweller's Assistant in the Art of Working; in 
Gold: 

A Pcacrical Trealise foi Masters and Workmen, lanio. . $3-<Xi 

GEE, — The Goldsmith's Handbopk; 

Containing full instmClions far llie Alloying and Working of Goldj 
itidtiding the Art of Alloying, Melting, Reducing, Coloring, Col- 
lecting, and Refining; the Processes of Man'tpulation, Recovery of 
Waste; Cbetnical and Physical Properties of Gold; with a New 
System of Mi«ing Its Alloys ; Solders, Enamels, and other Useful 
Rules and Recipes. By George E. Gee. lamo, , . 81,25 

GEE.— The Silversmith's Handbook : 

Containing full instnicdons fur the Alloying and Working of Silver, 
indudinp the different nioiLes of Refinlp'^ :.nd Melting the Metal; its 
SoUders ; the Preparation of Imiintiun Alloys ; Methorfs of Manipula' 
tioii ; prevention of Wnste 1 Insiructions fyr Iniproving and Finishing 
the Surface of the Work ; together with other Useful Infomintion and 
Memoranda, hy Geokge E. Gee. illnslrated. l2mo. It. 25 

GOTHIC ALBUM FOR CABINET-MAKERS ; 

Designs fur Gothic FurniUire. 'IVenty-ihree plates. Oblong $l-SO 

IRANT, —A Handbook On the Teeth of Gears ; 
Their Cun'es, Prupenics, and Practical Construction, By Geokge 
B, Grant. Illustrated. Third Edition, enlarged. Svo. $loa 

GREENWOOD.— Steel and Iron; 
Comprising (he Practice and Theory of the Several Methods Pur 
sued in their ManuTaclure, and of their Trcatmenl in Ihe Rolbiig- 
Mills, the Forge, and the Foundry. By Wilmam Henry Gkeih- 
WOOD, F, C. S. With 97 Diagrams, 536 pages l2mo. tl'7$ 



14 HENRY CAREY BMKD & CO'Ji CATALOGUE. 



1 



OREGORY,— Mathematics for Practical Men : 

Aflapi[.d to the I'lirsiiits of Surveyors, ArchHecls, Mechanacs, aai 
Civil Ei^iiieers, llv OMNTirus Gregory, 8vo., plates m 

GR IS WOLD.— Railroad. Etigmeer's Pocket Companion for ib> 
Field : ^ 
Cumpriaing Rules Tor C<t]cii1atit^g DeEecilon Distances and Anglti^H 
Tangentia.! Uisiancen and Angles, and all Necessary T.tIiIl'S fur tLEI^* 
gineers; also the Arl of Levelling froili Preliminary Survey lo :\t{ 
Construe I ion of Rnikoads, irtctuicd Espres^ly for the Young En- 
gineer, tcjgtlhcr wilh Numerous V;vluable Rulea and Examjiles. Hj 
W. GRlbWGLLi. lanio., tii- ts . , . . . ^l.jo 

tlRUNER,— Studies of Blast Fumace Phenomena: 

By M. L. (jRliNKR, In-sidciit a( ihe GL'iieral Council uf Mines 
iTance, auJ lately Pioftsj^r ol MeUUnrgy m the Ecole des Mines. 
Translated, with the aulhur's sanctmn, with an appendix, by L. P, 
B, Gordon-. F. R. K.. F. G, S. Svo. . . . $2.50 

Hand-Book ot Useful Tablas for the Li^mbemiani Farmet and 
Mechanic ; 

CouLaining Accurate Ta,b!es of Logs Reduced to Inch Board Meai^H 
lire, Plank, Scantlitig and Timber Measure; Wages and Ren[,l^^ 
Week nr Month; Capscity of Granaries, Bins and Cisterns; I^nd 
Measure, lulerest Tables, with DirecdotiB forl-inding ihe Interest 
any stim at 4. 5, 6, 7 and 8 per cent., and many other Useful Tabli 
3a mo., baards. 1S6 pages 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
dnd Linen, 

Including Eleachi.-^g an-^ Coloring Wool and Catlati Hnstcry anJ 
RantJom Yarns, A Treatise based on Economy and Practice. B) 
R C. HASERICK, lUsiiirnUti by 323 Dyed PatUrns of th? Ya 
or Fabriis. Svo. ........ J?, 

HATS AND FELTING: 

A Practical Treatise on their Manufacture. By a Practical Haliei. 
Illustrated by Drawings of Machinery, etc. 8vo. • , i\-2\ 

HERMANN. — Painting on Glass and Porcelain, And Bnamel 
Painting; 

A Complete fntrodiiciion lo Ihe Pttparatinu of all the Colors find 
Flaxes Used for Painting on Glass, Purcelain, Enamel, Faience and 
Stoneware, the Color Pastes and Colored Glasses, together with a 
Minute Descriplion ol the Firing ol Colors and Enamels, on ih* 
Basis of PcLSOiial Practical EitpericnCe of the Art up to Date, t" 
illtf:&tratioi», Second edition. ..... 

HAUPT. — Street Railway Motors: 

Wilh Descrifjiions and Cost of Plants and Operation of the Varioui 
Systenifs now in Use. I3(i*A , . . , #1.7 
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HAUPT. — A Manual of £nginecring Specifi cations and Co n- 

tfacis. 

By Lewis M. Haupt, C. E. lUuslraled with numerous i«flps. 

328pp. Svo *3 00 

Haupt.— The Topographer, HEs Instruments and Methods. 

By Lewis M. HAUn', A. M., C. E. lIlnslTEled with numerous. 

piales, maps and engravings. 247 pp. 8vo. . . . ^3.00 
HUGHES. — American Miller and Millwright's Assistant: 

By WrLLiAM Carter HucHEs, lamo. .... j>I'50 
HULME, — Worked Exammarion Questions in Plane Geomet - 
rica.1 Drawing : 

Fot the Use of Canciid.ites for ihe Royal Military Academy, Wool- 
wich; the Roy:il MilLtciry Cullege, Rantihursi ; the Irdisn Civil Et;- 
gitneeriiijf Ci.ilk'gc, Cooper'^ Hill; Iniiinii Pubrie Wniks artl Tele- 
graf:h DepartmcTils. ; Royal Marine Liyhl Infantry; line Oxford and 
tiambridge Local Exaniinalionf., elc. fey ]-\ EDWAKti HULMF, F. L. 
S., F. A., An-Maater Marlborough College. IMuslraied by 300 
estamples. Btiiiill quarto . • ^ • • <■ $^'S'^ 

JERVIS.— Railroad Property: 

A TrfUliie im Lhe Conslruclion and Managemetit of Railwaysv 
designed to afford useful knowledge, in lhe popular siyle, Ic Ihfl 
holders iif this class of properly ; as well as Railway Managers, C'fli- 
cers, aijil A^;ei\ifi. By John E. )ervis, lale Civil Engineer of lhe 
Hud^icin River Railroad, Ci'olon jV-'nueduct, elc. lamo., dolh 52, OC 

EEENE.--A Kand-Book of Practical Gauging-: 
For ihc Use of Bcpinners, 10 which i< added a Chapter on Dislilia 
tion, describing the prcice^is in ofieratian at the Cllstom-Houfie foF 

, asccrtpiidng the Strength of Wines. By James B. Kee^e, of H. M. 

I Customs, Svn |l,tXi 

KELLEY.— Speeches, Addresses, and Letters on Industrcal and 
Financial Questions : 
By Hon William IJ. Kkij.ky, M. C. 544 pages, iivo. . t^-So 

KEL1.0GG, — A New Monetary System ; 
The only means, of Securint; tlic rL'Speciive RighU of Labot^and 
Proi>eny, and of Prolectiiif; the Public from Financial Revulsions. 
By Edward KbLlogg. I2ma, Paper cover, fi.oo. Bound ia 
clotb 1^-25 

KEMLO.— Watch- Repairer's Hand-Book; 
Bluing a Compleie Guide {o lhe Vomig Beginner, in Takirtg Apart 
Pm-iing Tageiher, and Thoroughly Cleaning the English Lever and 
ulhtir Foreign Walchi^, and all American Wnlches. By F. K^MLn, 
ftactica! Wafchmaker. VVilh ^llusiratinns. tamo, . -Si. 25 
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KENTISH.— A Treatise on * Box of Instruments, 

And the Slide Ruic v wittl ihe ThenSry of Trigonometry and Logs 
rillinns, including Pruciical Geomeiry, Surveying, Measuring of Tint 
bcr, Cask ard Malt Gauging, Ifi>ig;ht&, and Disiatices. By Thoma; 
KepjTISH, In one voljine. izmo. . , , 

KBRL.— The Aasayer's Manual: 

An Abridged Tr?adse on ilie Dodmastic Examination of Ores, 
Fumace nnd gihct Artilicinl Products. By Bruno Kerl, Professor 
in ilie Royal School of Mines. Translated from the G«rman liy 
Wjlliam T, Bravnt. Sec<ln^^ American edition, ediled with Ex- 
tensive Ail(lili.i.ns by F- l.YNWoon GARRISON, Member of (he 
American [nsiitme of Mining Engineers, elc. lUasrtratcd by 87 en- 
gravings. 8vo. ^Scaice.J 

KICK.— Flour Manufacture - 
A Treatise oil Milling Science and Practic*. By Frederick Kick 
ImpeiiaL Regterungsrsth, Prcfessor qf Mecbaniciil Teclinology in tlii 
impenal German Polytechnje Institute, Prague. Translnied frcicii 
the second enlarged and revised edition wnh supplement by H. H, 
P. PowLES, Assoc. Memb. Ihsfituiion of Civil Engineers, lUiistratect 
with 38 Fifties, and 167 Wgod-cuts. 367 puges. 8vo. , |id.oo 

KINGZETT.— The History, Products, and Processes of th» 
Alkali Trade : 

IvPL-luiling the most Recent Impmvemcntfi. By Charles Thomas 
X- r C't^TJii'iint; Chemi'il, With illustratidtis, 8vo. ^2-58 

KIRK. — The Cupol? Furnace; 

A Practical TrealiBc on (he Construction and Mana^ctncatof Foandry 
Cupolas. By Et>WARD KlKK, PraclicaL Moulder and Mellerj Con- 
suliing Expert in Melting. Illustrale<i by 78 engravings. Second 
Edili-jn, revised and eiilatgei.], 450 pages. 8vo. 1903- ^3-5° 

LANDRIN.^A Treatise on Steel : 

Ciinipcriiiijj Tljeriry, MetalUirjiy, riopcrticE, Practical Working, 
and Use. By M. H, C. Lajidkin, Jr. From the French, by A. A. 
FesqueT. J2mo. ........ f2,jo 

LANGBEIN.— A CoiBpleie Treatise on the Electro-Depoai 

tion of Metals' '. 
CorrprisKDg^ tilectto-Plating and Galvanoplastic Operations, the De- 
position of Metals by ihe Contact and Immersion Processes, the Color- 
ing of Metals, the Mttliods of Grinding and Polishing, as well as 
Descriptions of the Electric Elemenis, Dynamo-Eleclnc Machines, 
Thecmo-Piles and of the Materials apd Processes used in Every fW- 
partraent of the Art, From the German of Dr. George Langbeim, 
with additions hy Wm. T. Brakst. Fourth Edidon^thorowghly reviscil 
and much enlaced. 1 50 Engravings. Sgopages. 8vo. 1902. ^4-00 

LARDNER,— The Steam-Engine ; \ 

Foif the Use of Bci;innc]"s, Illustraled. t^mo. ... ,6a 
LEHNER.— The ManufBCture of Ink: 

Cumprising ttie Ravif Materials, and the Preparation Af Waiting, 
Cojiyingand Hektogtaph Inks, Safety Inks, ink Extracts and Pow- 
ders, etc. Translated from ibic GeimaiA of SigmutJd Lehnrr, with 
addjtfons hy William 'V. Bn-hNST. VftvisViBi^ti. waei. tzJM 
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LARKIN, — The Practical Brass and Iron Founder's Guide; 

A CoTicise Treatise tm Hr.i^:, t'onmliH^, Mouliiin^;, Uic Metals «i4 
their Allovs, elc,', la vihich are aijdetl RtCenL Improvemenik in the 
ManuracHiit; of Iror. Siciel by ihe lie^serrn^r Process, etc., cLc. Bj 
JamEs L^fiKEN, Concluclor of tlie Brass Foundry Department ii 
Rea.ny, Ncifie iSc Cc's Penn Works, Philadelphia. New edition^ 
revisei!, M ilh uiKteiisivc adtlilioiis, 414 pages. l2mo. . $^-$<i 

L&ROVX.. — A Practical Treatise OD the Manufacture of 
Worsteds and Carded Yams: 
Camprismg PracLicil MeL-haitics, wilfi Rules and Calculaliotis apjilied 
lo Spinning) Sarting, Cleaning, and Scouring WoijIs; the l^i^gli^b 
and French Methods nf Comlmig, Drawing, and Spinning Worsteds, 
and Manufacturing CarJed Yams, Translated Trtiin the French gf 
Charles Leeoux, M^cbunical Engineer and SuperinteEidenl of a 
Spinning-Mill, by Horatio Paine, M. D,, and A, A, Fesquet, 
Chemibl anil Engineer, Illuslialed hy twelve large Plates, To which 
is added an Appendix, combining Eximcis froni the Reports of the 
International jury, and of the Artisans selected by the Committ^ 
appointed by the Council of the Society of Arts, London, on Woolea 
and Worsted Machinery find Fobrics, as eshibiled in the Fa^ris Uni- 
versal ExposiiEon, 1S67. Svo. $5,00 

LEFFEL. — The Constnjclicn of Mill-Dams j 
Corapridng also the Burlding of Race and Reservoir En)bn.nknienti 
and Head-Gales, ihe Measurement of Strearns, Gauging of VVatei 
Supply, etc By James Lkpfkl &l Co. lUustraled by 58 eogravingi. 
Svo, , , . , $2.50 

LESLIE. — Complete Coolcei^r^ 
Difeetions for Cookery in its Varinns Branches, By Miss Leslie. 
Sixiieib (hoBsand^ Thiiroughly revised, with the addition of Nam 
Receipts. !2mo. ... . < 1 .50 

lUE VAN.— Tbe Steam Engine and the Indicator i 

Their Origin and Progressive Developmeni ; includling the Most 
Recent E%aniples oif Sicam and Gas Muiors, together with the Indi- 
cator, its Principles, its Utility, and its Application. By WlLLIAU 
Earnet Le Van. Illustrated by 205 Engravings, chiefly of Indi. 
calor-Cmds. 469 pp. Svo. f^*^ 

LIEBER. — Assayer's Guide : 
Or, Practical Uireciions to Assiyers, Miners, and Smelters, for the 
Tes's and Assays, hy Heat and liy Wet Processes^ for the Ores of all 
ti principal Metals, of Gold and Silver Coins a»d Alloys, and of 
Coal, etc- By Oscar M. LlEBKR. Revised. 283 pp. 12m i^. Si. 50 

jLocicwood'fi Dictionary of Terms : 

Used in Uic Practice of Mechanical Engin^eeriug. embracing ihow 
CuiTcnlin the Drawing Office, Pattern Shop, Foundry, Fitting, Tur»- 
ing, Smidi's and Boiler Shops, etc., etc., comprising npwwds of Six 
Thousand n«finilions. Edited bya Foreman Pattern Maker, autlur 
irf "Paitena MaSting." 417 pp. laoio. • >J 75 
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LUKIN.-Th« Lathe and Its Uses : 

Or liisiiucdiKii in [lie An of Turning Wpcid and Mc<al, Tmcllidlng 
a De.<tCri;pliuil of tUe Most Modern ApplliinCes kit l1ie OmaniSJitatlDn 
tfi Haiie anO Curved Surfaces, an Eiiliicly Novd Form of Latlte 
for Eecerlric nml Ruse- E 11141 nc runiing; A Lullie and Planing 
Macliiiie Combined 3 and Other VaJualjk Mailer RelAtiiig to the 
Art, lILii&traleii by 462 engravings. Scvenlh ediuaa. 315 pages. 
Sto . *4.35 

MAIN and BROWN. — Questions on Subjects Connected wUh 
the Marine Sieam-ErLgine^ 

And EnamiiiiiUoTi i'ajier;.; wilh HiTirls fur iheir Solulion. Bj 
Thomas J. M.irN, Pj'ofessor of Malhenialics, Royal 'il.ivnl College, 
and riiOM\,s Urown, Chief Engir^yer, R, N. tstho,, clulh , $i.no 
MAIN and BROWN.— 'The Indicator and DynaniOineter : 
With their I'riLticjl Applications to the Steam-Engine, By Tkohas 

kMAFN, M. A, F. R., Ass't S. Professor Royal Naval College, 
rtsmouth, ard Thomas Brown, Assoc. Insc, C. E-, Chief Engineei 
R. N., p.it,aclieil m itie R, N", Collef>e. Itluitraluil. S^■u. . 
MAIN and BROWN.--The Marine Steam-Engine. 

By Thomas J- Mash, F- fi, Ass't S, MathemaLlciil Proressor aL ihe 
Royal Navai l^ullege, PortfemciUth, aliJ THOMAS Bri.iW.V. Assoc. 
Irai. C, E,, Cliief Engineer R. N. Attached to lbs Roysl Naval 
College. With numerous illustrations. S^o. 

MAKINS.— A Manual of Metallurgy; 

l5y CizOkGE Hogarth MaKIpJS. too *?ngraving8: Second editinn 
TCwritcen and n-mcli enlarged, lanio.. 592 pages 

KARTIN. -Screw-Cutting Tables, for the Uac Jf Mechanical 

Stio^ving :he Proper Arrangement of AHieels for Culting the Thre&ds 
of Screws of any Required Pilch ; with a Table for Making the Uni- 
versal Gas-Pipe Thread and Taps. By W. A. Martin, Engineer. 
Sto. , .50 

M|CHBLL..^Mine Drainage; 
Being a Complete amJ I racliCEil Treatise an Direct-Acting UndcT' 
{round Steam Pumping Machinery. With Ek Description of a largs 
number of the best known Engines, their Geneml Utility and th4 
Special Sphere of their Aciion, the Mode of their Applicjilion, inif 
their compared with other Pumping Mnchinery. By StephbH 

MiCHELL. llhiEtrated by 247 engravings. Sto,, 369 pages. $12 50 

MOLESWQRTH— Potkct*Book of Useful Formulx and 
Memoranda for Civil and Mechanical Engineers, 
By tJUiLTOEiP L. MoLESWOrth, Member of the InslitulioTi of Civil 
Engineers, Chief Resifieni Engineer of the Ceylon Railway. Full- 
bound ill Pocket-book form $1.00 
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MOORB.^Tbfi Universfij Assistant and tba Complete Ml 

chanic. : 

Contnining over one million Iiiduslrial FacI*-, Calculalions. Rei^r^iptt 
l^occBses, Trades Sscflils, Rules, flusniti'* Forms. Lef^il Items, Klc, 
in every occiipiition, Tnini Ihe 1 tnu-eli'iK! to ihe M.iiiulactury. Bj 
R. MoijRK. lllusiraitfl by 500 Eii£;r«\vMigs. 131:10 fiz-SC 

MORRIS4 — Easy Riilea for the M :asurement of EarthwOrka j 
Uy melius uf ihc rri^fiuitilal Ki'm-jli. Ilkisir,iit.l n-ili NumeroQT 
Wcjod-Culs, IVohlems, .imil Esanniles, and cunclinlieii Ijv a>i EKtea 
sive Tahiti for finding llie S iliiiity in cubic yard* fioni Meaji Arcai. 
The wij"le being ivdapted fur convenient use by En^inetrrs, SurveyorK 
Contratiois, ai>d aihets needing Correct Measutemenls of Eartliiworlc 
fir Elwood MoRkis, C. £. Svo. ..... f 1.5G 

MAUCHLINE.— The Mine Foreriian'& Hand-Book 

01 Praciical ami TKeorelic^l r'.rornj.ilion on ilie Ojjening, Veuti 
Iwing, and Working uT C'dlieries. Qiicsnon* sn-li An*.weTStjn f'rac 
tical and Theoreticnl Coal Mining. Dasigned to Assist SHidciitsand 
Others in Passing Escaminilions for Mi it; Foreman^liips Uy 
Robert MaucMlink, Ex-Irsjieclor of Mims. A New, Revised and 
Enlarged EdiUon, Illustraled by 114 sngrnri\T;_i. Svn. 337 
pages *J75 

NAPIER.— A System of CbemUtry Applied to Dyeing 
By James Kaj-ier, F. C. S. A New and TliLjroii|^li.ly Revised Edl 
tion. Completely brought up lo the present state of the Science, 
indutling ihe Chemistry of Coal Tar Col irs, by A. A. FfsquRT, 
CheTnisl and Enijineer. With an Appendix oti Dyeing and CaJiCQ 
IVinling, as ?;liowii at the Universal Expo&itiiin, Pans, I S67. TIluS 
(rated. Svi>. 425 |iai;es Si-OO 

NEVILLE — Hydraulic Tables, Coefficients, and FormulfB, foi 
finding the discharge of Waier from Orifices, Notches 
Weirs, Pipes, and Rjvers ; 
Third Edition, w ith Additions, donsiaing of New FormuliT f jr the 
Discharge from Tidal and Flood Slaicesand Siptionsi general infor 
mation on Rainfall, Caichment-BaBitis, Drainage, Sewerase, \Va;e' 
Supply far Towmi nnd Mill Power. Bv Iohn Sfi-vri.i.K. C t. M B. 
1. A.; Fellow of the Royal Geologieal Society ol" Ireland, Thick 
laiiiri, iS-5t 

HEWBERY.— Gleaning^s from OfnamentHl Ait ot every 
style : 

Drawn from Examples in the British, South Keiisrngton, Indian, 
Cry^lal falaCe, and other Museums, the EKhiblLiona of 1S5I and 
tS62, and the best English and Foreign works. Ins, merits of loa 
exquisitely drawn I'latei^, Costlainir^g toany hundred examples. Uf 
RouEttT Newberv. 410. ..... (Scarcc.J 

KICHOLLS. —The Theoretical and Practical Boiler-Maker Bii4 
Engineer's Reference Book: 
ConiainLn^ a variety of Useful Infonnation for Employers of l^rv>r 
Faremen a «i Workirij; Boiler- Makers Irca, Coppei. nnd Tins^rillu 
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J>rati|<hisnien, Eri];ilneei-&, t1ie General Sleam-usin;^ Public, and for tha 
Vse vj( ycicHci; !5c}iiwl> ami Gashes. By Samuel Nicholls. IlJu* 
tmteil bv sixteen pln^tts, I2i7i(i- ...... (Z.JB 

NICHOLSON.— A Manual of tbc An of Bookbinding : 
Contaiiiini; riill irs^tr ll<:tLU(l^ ii) llic; flilTcrcnl Br^tncli'es of Farwardii^ 
Gii'liiig, :in(i I'ltii'-hiiiij. Alsn, ilie Art dT Marbling Uook-edges and 
KipcT, HvjAMi--sli NlClU'LsON. Illuslrated. ismo,, clolh gz-JJ 

NICOLLS.— The Railway Builder: 
A llaiHl-Houk lur tsiiin.itiiijj the IVubable Cc«l of American RaiU 
way Cfjtistmction n,n(J KquLpnieiil. By William J. NicuLLs, Civi 
Engineer, IllustinLerl, fnll IihuikI, [tocket-boifk furm , ^2.00 

MOKMANDY.^The Commercial Handbook of Chemicail An- 
alysis : 

Or PraciicEil InsnntcCiDiis far Ifie PeterniJiiatinn of the Tntnnaic 01 
Commci'd^l Value o!" Substatices used it) MantiffLClures, in Trades, 
and in ihe Arts. By A. NoRMANHY. New Edilion, Enlarged, and 
to a great exient rewriiten. Uy Henry M. Noad, Ph.D.^ F.R.S., 

iMck i2mo Scarce 

NORRIS. — ^A Handbook fcr Locomotive Engineers and Ma- 
chinists: 

Comprising the Prnnii linns ami Calcu3a1.ians fnr Constructing Loco, 
motives; Manner of Setting Valves ; Tables cf Squares, Cub<;s, Areas, 
etc. J etc. By SEPriMUS Wi.irEis, M. E. New editiun. Illustrated, 
iioio fx. 511 

NVSTRGM. — A New TreatiEC on Elements of Mechanics: 
Establishing Strict I'rfCKion in tlii! Meaning of Dynamical Terms 1 
accoTrpaiiieil wilh an Appendix on Duodenal Arichmeiic and Me 
IToio^y. By JoH\ \V. NvsTRCJM, C, E. Iliusirali'd. Svo. flj.Qf 

NV&TROM!— On Technological Education and the Construc- 
tion of Ships and Screw Propellers: 
For Naval and Marine Engineers, Uy John W. Nvstrom, la(( 
/IctLng Chief Engineer, U, S. Second edition, revised, with addi 
tioiial maucr. lUustraied by seven engr.ivings. ismw, . ^1,31 

0'N£ILL.~A Dictionary of Dyeing and Calico Printing: 

Containing a britf account of all the Subsiances and Pioqesses ii 
use ill the Art of Dyeing and Printing Textile Fabrics i with Practica.! 
Receipts and Scientific Informalian, By Charles O'Neill, Analy- 
licai Chemist. To which is added an Es^^ay on Coal Tar Cdlors and 
ttielr applicalionlu Dyeing and Calico Printing, By A. A. FfiSQtJRT, 
Chemist and Erf,in<;er, Witli an appendix oti Dyeing and Calic. 
rrinling, as shown at (he Universal Exposition, Pans, iiJ67 8vo., 

49" P^f^sa - ■ 53-00 

ORTON.— Underground Treasures-. 

Mow and Wht;re In ]'"ind Them. A Key for the Ready Determination 
of aU the UseTui Minerals within the United Siites. By James 
Orton, A.m., Late Professor of Natural History in Vassar College, 
N, Y ; nuilhor of the "Arde."! and the AjnaKon," etc. A New Edi- 
tion, i\ iili An Appendix on Ore Deposilsaitd Testing Minerals (1901), 
JJJustrated (l-Jo 
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OSBORN.— The Prospeclor'g Field Book and Guide, 

Jii iJic -'3Ciil Lli l oi- and liie Easy DeierminaUon of Ores and Other 
Useful Mij^er.ils. Hy I'joL H, S. OsEORN^ LL. D. IlJwstrated by 58 
EnciTaTtJigs. ismo. Fifth Edilton. RevUed And Enlarged 
f'90l) I1.50 

05B0RN — A Practical Manusl of Minerals, Mines and Mui 

CompTising ihe Physical I'ropeities, Geologic Positions, Local Occur- 
rence and As5r)tiaiioii5 of ihs Us^iful Minerals; iheir Methods of 
Chemical Analysis nnd Assay ; lQy;etliier wuh Various Systems uf Ec- 
Cavating and l iaiibcrifig, Hrick and Masonry Work, during Driving, 
Lining, Bracing ami uther Operations, eic. Hy V'cof. 11, OatiOKN, 
LL. I)., Aiilhf)r iif " Tlie PrHspeclor's rielii-Iioolc and Guide." 171 
ensiravings. Second tdiuoil, roiaed. Svo. . . . $^S° 
OVERMAN —The Manufacture of Steel ; 
Containing ihe PratLide and Principles of Working s.n3 Malting Steel. 
A H.indlxjMt for Bicidf^niiife ■and Workers in. Steel and Iron, Wagon 
Makers, Die Siiikerst Cutlers, an! Manufnciurers of Files and Hani- 
yrajs, of SUccl :ind aron, and for Men ol Science and Art. By 
FRliDERldK Overman, Mining Engitieer, Author of the "Manu- 
facture of lion," etc. A new, ■enlarged, and revised Edition, By 
A. A. Fesiji,£T, Chemist and Engineer. I2mD, . . 
OVERMAN.— The Moulder's and Founder's Pocket Guide i 
A Treaiise ori MouldiMg and Founding in Oreen-sanii, Dry sand, Loam, 
and Cementi the Moukllng of Machine Frames, Mill-gear, Hollow- 
ware, Oniamer'15^. Trinkets, Belh.and Statues; De5cr;|ition ofMoulds 
for Iron, Bronze, Br;i5s, nnd olher Metals; Flasitr of Paris, Sulphur, 
Wax. etc. ; the Cfiminiclion of Melting Fmnsees, ihe Melting and 
Founding of Metnls ; the Compositinn nf Alloys and ihelr Natuce, 
etc., etc. By Frederjck Overman, M. E. A new Edition, (9 
which is added a Supplement 011 Slatiiary mid Ornamental Mouldiag, 
Ordnance, Malleable Iron Castings, etc. By A. A. Fesquet, Chem- 
ist and En^neeif Illustrated by 44 engravings. Ismo. . ^2.00 
PAINTER, GILDER, AND VARNISHER'S COMPANION. 
Comprising (lie Manufacture and Ti-st /,i Fiymenis. the Arts of Faint- 
ing, Giaining, Maibling, Staining, Signwriling, Vantishing, Oiass- 
5taitiiiig, Olid C-ildini; oti Glass; logetlier wiih Coadi Painting and 
Vurnishing. and llie Principles of the Harmony and Contr.ist of 
Colors. Tweniy-sevemli Edition, kevisetl. Enlarged, and in gtes-t 
part kewrilleii, l!y Wji^LIaM l'. HkANNT, Editor of " Varnishes. 
Lacquers, I'rinting Inks and Sealing Waxes," l|]u!:[i'at&d. 395 pp. 

l2mo iSl 50 

PALLETT.— The Milleir's, Millwright's, and Enginetr's Guide. 
By Henry 1'AiJ.E.rT. Illusiraied. i2nrto. . . . $2.00 
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PERCY,— The Manufacture of Russian Sheet-Iron. 

Bv John- Percy, M. D., F. R. Pajier , . . 25011. 

PERKINS.— Gas and VentUaiion: 

I'lacLical Treatise Qo Gas and VenliJaiion. IHuslniLed. izmo. $1.25 

PSRKINS ANU STCJWE.— A New Guid« to the Sbeet-iroa 
and Boiler Plate Roller: 
Containiri); a Series of Taldes ahowiim the Weighl of Slabs and Pile* 
to Produce iloiler Plaies. anrf of ihe Weight of Piles and the Sizes o! 
Ears In produce Shecl-ironj ihe Thicltne-is cf the Bar Gauga 
in dccim3.l!s ; the Weig[ht per foot, and the Thickness on the Rss or 
Wire Gauge of l!he fractional pnrls of an inuh; the Weight pel 
sheet, and the Thickness on tde Wire Gauge of Sheet-iron of vartout 
dimet^sions to weigh 112 lbs. per bundlie; and the conversion of 
Shoit Weight into Long Weight, and Lang Weight into Short. 

POSSELT.— Recent Improvements In Textile Machinery Re- 
lating to Weaving : 

Gu'ing the Munt Moii«rn Points on ilie Construction of all Kitids 
of I-OOliis, Warpcii, Beamer-, Slashers, Wimlers, Spoolers, Reeds, 
Temples, Shuttles^ Bobl iiiis, KisddJcs, lleddle tritinfiSi Pickers, 
Jacqunnis, Card Stamijers, etc., etc, 6co illus, . » $j.oo 

POSSELT,— Technology of Teittile Desig^n: 
The Most Complete Treatise on ilie Consirucuon and Application 
of Weaves for all Textile Folirics ami llic Ai]alysis of Cloth, ify E. 
A . l=of.sell. 1,500 illuslratioils. 4tO $$ oa 

POSSELT.— Textile Calculations: 

A Giiirii; l(j Calculations Relating tu the ManuFactutfl: o.f all Kinds 
of Yarns, and Fabrics, The Analysis of Cloth, Speed, Power puri Bell 
CakiilDtions. liy E. A. FosseLT. Illustrated. 4IC1. , Ja.oa 

REGNAULT.— Elements Of Chemistry; 

liy M. V. Regnaui.t, Traii>lated from the French by T- FoiiREgT 
Betton, M. D , Mid eiliterl, with Notes, liy James C, Booth, Melta 
and Rehnec U. S. Mint, and Wim-iam L, i'AiiKR. Mctaiiurgist and 
Milling Engineer. IlUisIriited by nenrly 700 wood enEriavings. Cora- 
prising nearly 1,500 pnge.s. In two volumes, Svo., cloth . Jfi.OO 
RICHARDS.— Aluminiu mi ; 

Its History. Occurrence, fVoperties, Meiallurpy and Applicationi, 
incluiling its Alloys. By Josi';Pl[ W, Richards, A. C, Chemist and 
PracLical Met^illureist^ Member of the Beuieclie Chemische Gesell- 
schaft. lUust Third edition, enlnrj^td and revised (1S93) . ^,00 

RIFFAULT, VERQNAUD, and TOUSSAJ!HT.— A Practical 
Treatise on the Manufacture of Colors for Painting: 
Comprising tlie Oritfin, Definition, and ClaKsificntion of Colors; the 
Treatment of the Ri«- Materials 1 the best Formula and the Newest 
I'njcesses for the Preparauun at every description of Pignietit, and 
the Necessary Appuratus and Dii-cClions for its Use l Dryers; Iha 
Tealitis. Application, and Qualitie.'* ol PninL';, etc., etc. By MM. 
FifrAOVt, VEBGMAtin.and Toussaikt. Revised and Edited byH. 
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K. MALti EYKK. Tranii.aled fraci ihe Krench. by A. A- FBsyon 
Chemi'^ and Enj^inecr. IJlustrateJ Uy Ei^,hty ensjiavings, In one 

Vol,. Svu.. 659 pages ■ • iSj-iM 

ROPER. — Ca.Lechjsm for St«am Engineers and Electricians : 

IncliKhng llie CoiisttUClion aiul MQiiagement uf Steam Engines, 
Sleani U.^ilcrsand EleCtdc I'laiit^s. liy SteI'HBN Ropek. Tweniy- 
firsi eiliinm. rewiiiten mid yreaily eiilm'ge<l lay E, K. Ivehfr and 
C. VV. VlKlL pares, ] Ihislrailioiis. iSiH!)., tutks, gill. §2.00 

ROPER.— Engineer's Handy Book: 

CoLiLainiiii^ KaciSj Forraiil-c. TiMiis and Questions on Powir, lis 
Gener.uiiJii, riaiisniissiDn aiul Me.isuremeiit; [itat, Kue], otnl Sleam; 
Tlie biieain lioilei anii Accessories; Steam Engines and iheir Parts; 
Sieani [iii^^iiie Indicaiori Gas and Uasoline Eiigines; MateimLsj 
tJieir ['mperiieii and fjlrength ; Toj^'^tliei' with a Discussion of llie Fuii^ 
dameiiiial EKpeiiitigiiU in ElecirLciiy, n-ud an Expkmalion of Dynamos, 
MuloLS, Biiic<:rli£!i, etc., and Rule^ for Calculating Sizes of \Vi1e5. By 
Stephen Roper. 15th edition. Revised and enlaiged by E. R. 
Keller, M. E, and C. W, Pike, B. S. tiSgg), with iminerou^ iilus- 
IraLions. Pocket-liaok form. Lealher. , . . . $j S^ 

ROPER.— Hand-Book of Land and Marine Eng^ines 1 
Includinf; die Mf>delling, Conalructirn, Running, and Management 
af Latit' mill Marine Engines and ISoiiers. With il!usLratiniis. 
Stephen Roper,, Engineer. Sixth edition. i2mo.,h'cks, gilt edge. 

ROPER.— Hand -Book of ths Locomolive : 

Incluiljiifj ihg Con?ii:i4CHun of Eugiitea mid Boilers, And the Construc- 
tion, Manag^enienl, .ind Runnin j; of Locomotives. By STtPHEM 
Roi'i£R. Eleventh edilion. iSmo., luck*, gilt edge S2.50 

ROPER.— Hand-Book of Modem Sttarti Fir^- Endues. 

With ilIu=slmHoi>s. By SxErtiEN Roper, Engineer. Fourth edition, 
12mo., tiiclt'-. tjill et];,'!: Sj.S5 

ROPER. — Questions and Answers for Eng-ineers. 

This liltle liijok contains all the Que'itiuns that Engineers will be 
asked when undcrgaing an Es.iminaliun for the ptirpose of procuring 
Licenses, md tliey are so plain th:il any Engineer or Fireman nf or 
dinary intdiigence may commit them to memory in a sJiort lime, by 
Stei'ken Riipt.R. En^iiiL-tr. Third edition . . . !!2,oo 

ROPER.— Uae and Abus^e of the Steam Boiler. 

By Stephkm Ropkk, Engineor, Eiglilh edition, with iUusCratioiis. 
iSmci., lucks, gill edge $2.oQ 

ROSE,— The Complete Practical Machinist r 

Euabracing Lnilii; Work, Vise Work, Drills and Drilling, Taps and 
Dies, Hardening and Tempering, the Making and Use of Tools 
'L*fKi| Gi indint;. Marking out Work, Machine Tool?, etc. By JoSHOA 
KdaR. jgt; Eiigra»-int;s, Niiii:teeiilh Edition. greatly Enlarged with 
New and Valiial'le M.Hler. 12mo., 5O4 pagCE. . ^z^O 

ROSE —Mcchanica! Drawing SeU-Taught : 

Cimii-irising In-triiciinns in the .Selection and Preparation of Drawing 
Tnslriimenis, Eletnenlaiy Insintction in Frai-tical Mechanical Draw- 
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tug, together with Examples in Siini^le GeatA«try and Elementaif 
Mechanism, including Scrcw Threads, Gew Wheels, Mec)ia.Dicai 
Mi5Lioii.H, Kiigiiies and Hollers, By JoSHUA RoSE, M. E. IHuslrsted 
(ijF 330 engravings, Svo , 3 1 j pn^cs .... 14.0a 

ROSE.— The Slide- Valve Practically Explained; 

Embracing >tiii|jle and CDiuj-ilete Practical Demoirsl rations of tk. 
oixration of each e!cmen[ in ;i Sliile-valve Maveni^ni, and illutitrat* 
ini; the effects uf Variations in their ProiJortigns by examples carfr 
fiilly selected frHjiTi ihii inost recctlL atiil sncCessful practice. Ity 
Ji'SirLr^ Rose, M. E [llusiianjil by 35 engravings . Ji-oa 

ROSS. — The Blowpipe in ChemiBtry, Mineralogy and Geoloe?- 

Caiilaining all Known Mtlhudj of AnJiydrouB ATiaiy.sis, niany Worit- 
ing Examples, and Jnslruclioiis for MaklLg Apparaius. By IJliUT,- 
CoLONEL W. A, Robs, R. A., F. G. S. With 120 niuatraiimis. 

J2.00 

SHAW.— Civil Architecture : 

Being a Complete TI]eorctii:al and Practical System of Eaildiogf COTi- 
taining the J'tindaniedtil Principle ofihc Act. By Edward Shaw, 
Aircbitect. To which is added a Treatise on Gothic Architecture, etc. 
By Thomas W. Silioway and George M. HARorNc, Architects. 
The whole illustrat-ei.! by 102 qiiRrto plates finely cngrftved on copper. 
Eleventh etlilaon. 410 $6.00 

8HUNK. — A Pfactical Treatise on Railway Curves and Loca- 
tion, for Young Engineers 
By W. F. Shunk, C. E 12UH1. I-till tK>und pocket-book form $2.09 

SLATER.— The Manual of Colors and Dye Wares, 
By J. W. Slai-er. i2ino. ...... fjco 

SLOAN.— Am ericafi Houses; 
A variety of Original D-jsij^ns for Rural Buildings. Illustrated by 
26 coloriid engravings, with descrijilive references. By SamueL 
Sloan, Architect. Svii. .75 

SLOAN. — Homeatead Architecture : 

ContaiTiii:;; Foi ty Uesigns for Villas, Cottages, and Farm-houses, witb 
E;siys on Styi.., Consi ruction. Landscape (Jardening, Furniture, etc. 
Etc. Illustrate ti hy uf-ards of 200 engravings. By Samuel SLnAK, 
Archileci. 3vo. ... . . . , . {2.50 

6LOANE, -Ht-.Tie Experimer.ta ii. Science. 

My T. O'CuNnn Sl.^».kif^ E, M., A. M., F^;. 0, lHuEtrated by 91 

engravings. 1 2mc. . fi.oo 

SMEATON.— Builder's PocktJ-Companion : 

- Coiitaining the Elements uf Building, Surveying, amJ Architecture; 
with Practlcn.! Rules atid Iiistnicltons co-ii^ected with the subject. 
By A. Smeaton, Civil Engineeir, eic. izmo. 

SMITH. — A Manual of Political Economy. 
By E. PESHtNE Smith. A New Edition, to which b added r full 
Index. i2ino, , . f i 3S 
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SMJTH — Parks and Pleasure-Grounda r 

Or Practical Nuliis on Country Rcsidejices, Villas, Public Paries, uid 
Gardens, By Chai^les H. J. Smith, Lai]ilsca|je (hardener and 
Garden Arcliilci^l, eti;., isic, 1 21110. .... $2.00 

MITH,— The Dyer's Instructor: 

Camprisirg rraclical 1 115I iiciions in the Ari uT Dyeing Silk, CoUfin, 
Wuol, :ind Worslccl, and Woolen GgotU; cnrtainiiij; nearly Son 
ReceiiJls. Towliicti is added a Treatise on Art of Padding; ant^ 
tlie Printing of Silk Warp*, Skein^i, and Hamlkerdiiefs, and ihu 
viriDUS Mordaiils Rnd Colors for ihe dLlTereiil styles of such w-irk.' 
By D.wrLi SMiTH, Palicrn Hver. tamo. , . , ?i-5°l 

MYTH.— A Rudimentary Treatise oii Coal and Coal-Mining, 
By W.^KKINGTON W, Smviu, \L A., F. R. G., President R. G, S, 
cf Cornwall. Fifth edilton, revised ami corrected. Willi numer- 
ous iliuslratioiis. izmu. ...... $I-7S 

IBNIVELY.— Tables for Systematic Qualitative Chemical Anal. 
yKis. 

By John H, Snivelv, Pl<r, D, &vo. . . Si-oo 
SNIVELY.— The Elements of Systematic Qualitalive \ hemical 
Analysis : 

A Hand-book for Beginners. By John H. Snively, Phr. i6mo. 

BTOKES. — The Cabinet-Maker and Upholsterer's Companion ; 

Comprising the An of Drawinjr, as .i|ip]icali]e lo CabincV Work^ 
Veneering, Inlaying, and Buhl- Work; ihe Art of Dyeing and yiain 
ill* Wood, Tvory, Bone, To noise- Shell, etc. Directions for Lacker- 
ing, Jiipanriing, and ^'"•niisliing; to mpke French Poltsh, Gluts. 
Cettients, and Cam|ia^' ils; with numCcOus Receipts, useful lo work 
men geiiemlly. B'' ■Stokes, llluftriited. A New EdUion, with 
fflti Appendix upor .ench I'olishiijg, Staining, Tmitating, Varnishing, 
etc., etc. i2nio Si>25 

£TRENQTH AND OTHER PROPERTIES OF METALSi 

Repjrt.i of L!x{ieriinen{!l on ihe fjlreiigth and other I'rojierties of 
Met:ils for Cinnoii. With a Uescri)jtiui:i of the Machines fur Testinj; 
Metals, and a( the Classification of Cannon in service. By OfKtcr; 
of the Ordnance Department, U. S. /inny. By authority of the f>L'crc. 
taryuf War. Illusirateil Ity 35 large steel jJateSr Quarto . 85.00 

BULLIVAH. — Protection to Native loduatty. 
By Sir Edwakd, Sullivan, Baronet, author of ""Ten Chapters aw 
Social Refojms," Svii. . - ..... ^l.OO 

SHERRATT.— The Elements of Hand-RaiHng : 

Simplifieil and Explained in Concise Problems that are t'-asily Under- 
stood. Tlie whole illuslrated with 'L'hiny-eighc Accurate and Origi- 
nal Plates, Foiiialed on Geonieliical PriiicipleR, and Slimving liow to 
Make Kail Without Centre Joints, Making Better Raid of the .Same 
Material, wilh Half the I.alior, and Slmwing How to Lay Out Siaifs 
of all Kinds, Uy R, J. Shkbra h . Falio. , , . t^.yi 
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SVMB. —Outlines of an Indu'strial Science 

rASLES SHOWINO THE WEIGHT OF ROUND, 
SQUARE, AND FLAT BAR IRON, STEEL, KTC 

Uy Mi-asuTdmciii. Cloili ...... 6^ 

THALLNER.— Tooi-Sleel : 

A Coiuise llaiiJLjoolt 011 I'ool-Sleel in General. Its Treatment in 
(he (.fijemlLoiis aS Forging, Anmealing, Hardening, TetHjierilig, etc.. 
and tlie A[j|jliaiices Tlieiefor. By Otto Thai-LNEK, Manai^er id 
Qiief of (lie Tuol-Sieel Work?. Hismarckdiilie, GermaHy. From the 
Geniinn by WlLLlAM T. llliistraled by 69 engravinjis. 

194 pages, SviK (go2. , . . . . ' |2,oo 

TEMPL.ETON.— Tbe Practical ExaminaCor on Steam and tli4 
Steam-Engine ;. 
Willi Uisiruclive References reUlive thereto, arranged for the Use of 
EiigLncers, Siiidciils., and others. By William Temfletoh, En- 
gineer. T2mfl. J61.00 

THAUSING.— The Theory and Practice of the Preparation of 
Malt the FabricatLon of Beer: 
With lispfcinl nrfertnce Lt> the Vienna Process of Brewing. Elab- 
orated friini |>ersonal experience by JlILIUS E. Tmausimg. Profcssoi 
at the School fur llrewers. nvi ai the Agricultural Institute, Madlmg, 
near Vicpna. Transtaled from the German by Wij-LiAM T. Branmt. 
Thoroughly and ebborately edited, -wiih mnch American maiier, and 
according to ihe latest and most Scientific Praurice, by A. SCHWARt 
nnd Dr. A. H. Uaiikr. lllusiraied by 140 EiigrAvings. Sva,, 
payts .......... Siaob 

THOMPSON-— Political Economy. Wilh Especial Reference 
10 the Industrial History of Nations : 
By RoitiiKT E. TnnMi'SfiN, M , A-. Pi-ofessor of Social Science in tht 
Uiiivereilv- •<( Pi.'iiiisylv,iiiin, I2]iin, .... ^LjO 

THOMSON.— Freight Charges Calculator: 

Jly ANUfitAV TlHiMsiiN, Freijjht Aiji^nt. 24ma> . . ^1-25 

TURNER'S (THE) COMPANION f 

Coniaiiiiiig InsLrnctions in Concentric, Elliptic, and Eccentric Tun 
i'lK ; aLo vatiuus Piaies of Chucks, Tivjls, and Inalfuaients; and 
iJireciiuns for \jsing the Eccentric Cutter, Drill, Vertical Cutter, and 
r.'jrculnr Rest; with Patterns and Instructions for working ihem. 
izmo i(>-co 

TURNING: SpecioierLS of Fancy Turning Executed on the 
Hand or Foot-Lathe : 
Wiih Oeomesric, Oval, and Eccentric Chucks, and Elliptical Cutting 
Frame. By an Amateur. I!lustrs.ted by 30 exquisite Photographs. 

4tD. $2,jO 
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PAILE. — Galvanized- Iron Comic e- Worker's Manual: 
Containing Instrucikms m Laying out ilie DitilcreiU Miires, and 
Making rauenis for all kinds uf Plain and Circular Work. Also, 
Tallies of Wqi^his, Areas and CiTciimrerein:es of Circles, and olhei 
Mitter cakulaled to Bentfil the Tr.nile. By CharLeS A. Vailb^ 
Illuslraled by iwciity-one plaics, 4I0 ^5.00 

VIL,LE.— On Artificial Manures : 

Their Cheriiieat Seleclian and Sciendfic Application la Agriculture. 
A series of Lectures giveti fli ihc ExpenrnenUl Farm at Vincennea, 
during 1S67 and 1S74-75. By M- Georges VIlLe. Tran&kled and 
Ediieri by WtLLiAM Crookes, F. R. S, Illustrated by thirty one 
engraving's, Svn., 450 pfigcs ...... 

VILLE,— The School of Chemirral Manures : 
Or. Elementary Principle in iSe Ustf of Fertiliiing Agents, From 
the French of M, Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations, i2mo, . , ■ . $1.2:5 
VOGDES. — The Architect's and Builder's Ppcket- Companion 
and Price-Book: 
ConaistinE of a. Shoii but Comprehensive Epitome pf Decisis, Duo- 
decimals, Geometry and Mensuration ; with Tables of United States 
Measures, Sizes, Weights, Stretigihs, etc., of Iron, Wood, Stone, 
3rick, Cement and CciiicrtLes, Qiiaiitities of Materials in given Sizes 
ftQd Dimensions of Wood, Erick and Slone; and full and eomplele 
BilU of Prices for Carpenter's Work and Paitiling; also, Rules for 
Catnputing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, p] altering. wi(h a Vocabulary of Technical Teinib, etc, liy 
Frank \V. VoGtiKS, Architect, Indianapolis, Ind. Enlarged, revised. 
Hid corrected. In one voluuse, 368 pages^ full-bonndj pocket boolc 

form, gilt edges |i2.oa 

CloUi . - t.jg 
VAN CLEVE. — The English and American Mechanic: 
Comjirisiiig a Collection of Over Three Tbousand Receipt^, Rules, 
and Tsble*, desigiied for the Use of ewery Mechanic and Matiufae- 
tLiier, By B. Frank Vas CLiiVE. lUusirated. 500 pp. lamo. $2.oa 

WAHN5CHAPFE.-~A Quide to the Scientific Examination 

of Soils: 

Compri^inE Select Methods of Mechanical aiid Chemical Analysil 
and Physical Investigation. Tran^lnted from lh« German of Dr. F. 
WaHnsCHAFFE. With additions by WiLLIAM T. Erannt. Illua' 
traied Liy 25 engravings. 121110. 177 pages . , . $l-Sfi 

WALrL.— Practical Graining': 
With Descripiions of Colors Employed and Tools Used, Illustroiej 
by 47 Colored Pktes, Representing the Various Woods Used ^ 
Interior Fini5hiiig. By William E, Wall. Svg. (Scarce.) 

WALTON.— CoaUMinin^ Described and Illustrated: 

By Thqmas H. Waltov, Mining Engineer, Illustrated by 04 'argn 
and elaborate Plates, after Actual Woikings and Apparatus, f^^m 
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VABE.^Tlie Sugar Beet. 

Ini^luilu^g' a History of ihe Bttl 5itg:ar Iddustry in Eurape, Varietis 
51 iJie Sugar licL-i. Ks:iiiiinaU'"<, Suils, 'rillat;!;. Seeds and Sowmg 
Vield aTid Co^t t>f L'u.UialLon, Har veiling, '] mii5|.>iirl:il.iciti, Cansen'a 
iii;n, i'cetling yii ilinei of iJie Ucei ;iinl of IIk- Vwly. etc. By Lkwk 
S, WARI£^ C. E., M. E. niiisli;]ted by nmcly engravings, 8vo. 

H 

WARN — The Shect-Mclal Worker's Instructor! 

K ir Ziiii.. Shett- Iron, l-oppcr. -ind Tin l'laie Wurkers, etc. Conuln- 
iij a at^lecli'in iiS GeLimiLMntJal Problems; also. Practical aril .SitupJe 
Kides for Der-i ritiiiiy the v.irioii5 Pauerns KiiiiirtU in ihe diiferenl 
uruiKiies oi itie nbove Traflcb. By Retjuen H, Warn, Pmaicai 
Tin-E'late Worker. To which is adilcd an Appendix, conUiniiig 
Insiruf lions Icr Eoilcr- Making, Mensuratiimi oT Surfaces and Soliiii, 
Rules ['II Calcul^iiiig Ihe Weiglils a( different Figures of Iryn arid 
Steel, Taljies of ilie Weights of Iron, Steel, etc. Illu^traLed by ihiriy- 
Iwi! Il.iies and ihirly-'^evcii Wuod Engravings, Svo, . $3.00 

WARNER.— New Theorems, Tables, and Diagrams, for tba 
Camf litation of &arth-work: 

Designed tor ihv iiie uf Engineers in Preliminary and Final E^tiniali 
of Students in En!;i[ieenn[j, and of Comraclora and oilier non-profet 
sional Computers. In two [jarls, with an A^^ipendis, I'arl I. A PraC- 
tica] Treatise; Fart II. A Theoretical Treatise, and the Appendiit 
Conlsininy NfJles Id ihe Rules and Esainples of Part I.; Kxplail^ 
lions, of the ConslruciioTi uf Stales, Tables, and Diagrams, end t 
Tresiise upon Equivalen! Square Bases and Equivalent Leve! Heighti 
By John Warmer, A. M., Mining ard Meciianical Engijieer. Illus- 
traled by 14 Plates. Svo li-OO 

WILSON. — Carpentry and Joinery; 

By ^OHN Wilson, Ltcluitr on BiiildinE Consttniclion, Carpentry and 
Joimtiy^ etc, in llie Mandh^eslei Tecluiicral School, Third EditioTl, 
wilb 65 MI page pl^te^. in fiexible cover, oljloiig , , .go 

WATSON.— A Manual of the Hand-Lathe : ^ji 
Comprising CDncise Dirccii'in^ for WGrking Melals of ail l(ttid41| 
i^fory. Bone antl }'rfcinus Wnods \. Dyeing, Coloring, and French 
Polishing; Inlaying by Veneers, and various nielhods prattised 10 
produce Elaborate work with Dispatch, and at Small Expense. By 
Egbert P. Watso>'. Author of " The *Iodcm Practice of AmericaD 
Machinists and Engineers." Illuslraled l)y jS engravings. $1,50 

WATSON. — The Modem Practice of American MachinisiB and 
Engineers 

Including the Constrnctifin, Application, and Use of Drills, Latlie 
Tools, CuCiera for Boring Cylinders, and Hollow-work generally, with 
the most Economical Speiid for the samei the Results verified bj 
Actual Practice at ttie Lathe, the Vis«, and on the Floor. Togeths 
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with ^V^l^ksl!Op Management, Eccnomy of Manufacture, the Sleam 
Engine, Boilers, Gears, UeUiiig,ctc„ etc. hy KG&ErIT P, Watson. 
lllusirateil ]iy uiginy-six engravings, lamo. , . . $2.50 

WATT.— Tli« Art of Soap Making : 

A Practical llaiid-Uaok of llie MantifaCture of Haid and Soft Soaps, 
Toilet Si>aps, etc. Fifth Ediuon, Revise*!, to which is an 
Appeniiiii ofi Modem Candle Making, By ALEXANDER WAIT. 
III. 121150. ......... Sj-oo 

WEATHERLY.— Treatise on the Art of Boiling Sugar, Crys- 
tallizing, Lozenge Tnaking:, Comets, Cum Goods, 
An4 clher proctisea lui Cuiifeciionery, etc., In wliicli aie CKplained, 
in eo.'^y anil fatniliar manner, the variotia Methods of Manufaaur- 
ing every Description of Uaw snd Refined Sugar Coodi, as sold by 
Coil fee-til) 11 ers auJ oilier^. Iziuh. . . . . , t^-^O 

WILL.— Tables of Qualitative Chemical Analysis : 

Willi aji lnlroductur>' Cli.iptcr on (lie Course of Aiialysis^, By Pro- 
fessor ItEtNBiCH Will, uf Ciiessen, Geiuiaiiy. Thiid Amedcaii, 
from the elevenih German eilition. Edited by Chahl.es F, Himes, 
Ph. D., Piofe^sor uf Natural Science, Dickinson C<5llegi;, Caclisle, 
Pa. 8vo fi.5Q 

WILLIAMS,— On Heat and Steam : 

Embracing New Views of Va|ic>ri23i!oii, Condensation and Explo- 
sion, ily Charles VVve VVilLIajIS, A. I, G E. Illustrated. Biro. 

^2.50 

WILSON.— First Principles of Political Economy: 

With kefeieriLe !□ StnlesmamsliLp and llin Piogre^f, Civilization. 
By Professor W. D. Wjlsun, of liie Cornell Uiiiver&ity, A new and 
revisetl eriilimi. l2mo. ...... St. 5*1 

WILSON. — The Practical Toe>l-Malcer and Designer: 

A Trealise upon the Designinf; on onis end Kiitiures for Machine 
Tools and Metal Working Machinery, Comprising Mixtfcrn Examples 
of Machines wilh Fundamental Designs for Tools fur the ."yctiiBl I^- 
duciion of the work; Togcthef with .Sjxcial ReferenCfi to a Set of 
Tools for Machining the Various Parts of a Bicycle. IHusitaied by 
189 engravings. iJjgS. ...... {2.50 

CONTENTS; Ictrodiiclory, Chsplcf I. Mmlcrn Tool R'jontaJjd Equipment, 
ir. Files, 'I'heir Use anJ Abuse. 111. 5le«l and Tempering. IV. Making Ji^. 
V. MiHing Machine KiiiiiiiEs. VI. Tools an J FiKnires for Strew Mathines. VH. 
BroalC^nn^. VIII. Piiincliea ami Dies for Cuciing and Drop Ptes^. IX.. Tanls ibr 
HalJow-WATp. X Einli'i^iing : Mcial, Coin, and Slumped Shrct-htcial Urns- 
incTils, XI. Driip Feirging;. XII. Solid Ufawn ^ihftlls nr FerruLes; Cupping or 
Culling, ^ii<l nr^iwing ; Bri:akiii|j Dowt, Sl'i^^ll-i XHE. Annfaiin^, Pi'CMins and 
Cleaning. XtV, To^>l^ fcc Di^w Bench, XV. QiUiag ami As^vmfjlille Pieces 
bv Meaiih n( K^Uchet Dial Vlal-a bI One Upeia.ljon. XVl. The H^iider. XVII. 
TduIs for Fox Ladle. XVIII. Siigueaiion-i Tcir a 5et uflWlK fur MacLining the 
Various Farts of a Bityclc. XIX. The Plalcr'i Djaaiiiu. XX. Liindni^ion — 
With a Few R.mclum liileag. Appeadisr. ladcK. 

obDS. — Compound Locomotives: 

]iy .^kTJiUR TannATV Woods. Second edition, revised nnd tnlarged 
by Davik Leonaku IJarni:s,A M,, C. E. Svo. 330 pp. fi3<x 
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WOHLER.— A Hand-Bookof Miners! Analysis: 

Uy F. WaiiLEK, I'rofessor df Cliedii&try in the University of G5ttm- 
gen. Kilitcd by Hknhy B. Nasos', f'nifessijr of Chemistry in the 
Rensselaer Polytechnic ln,-.titiite, Troy, New York. llluftrMed. 

WORSSAM — On Mcrchantcal Sawa: 

From the Transnctiniis o? the Society of Engineers- 1S69. By S- W. 
WuRsSAMj Jk. tllustiated by eighteen large plates. Svo. $i-5o 



RECENT ADDITIONS. 



BRANNT. — Va^^^sh^^s, Lracquers, Printings Inks and Sealing-- 

Tln'ir R.iw Mntcriiils nnd iheir MfiTnifficEure, to which is adrfed the 
An of Varnishing and Lacqueiiiig, iiiclu'ling tlie t'reparation of Put- 
ties and of Stains fur Wood, Ivory, Bone, Horn, and Leather. By 
WlLHAM T. BRA.NNT. Illustrated by 39 Engravings. 33S pages- 
I jnio. t3-^ 
BRANHT — The Practical Scourer and Garment Dyer : 

Cotnprisiiiij iJry or Ciieniical Cteaiiing ; the Art cf Remijving Stains 
fine Washing; ltLt:fkchii)i; aiW Dyeing af Scvaw ILils. Glov-es, and 
Feathers of all Vinds; i>yeiiig ol Worn Cicthes of all fabrics, in- 
cluding Mised Goods, by One Ui|); and ihe Mu.iiLfac:ure of Soa|s 
and Fliiidsfor Clcan^inB I'uriinses. Edited liy Wiujam T. Bkanht, 
Editor of " Thfe Techno-Chemic&l KccelfA Uix»k." Illustrated, 
203 pageB. izmo. . , . , . ^3.00 

BP AN N T.— Petroleuxn . 

its tUsiory, OngiLi. Uccuixence, Pruduaion. Physical and Chemical 
CansUtuti-an, Tedinulugy, ExaniillSitirtn and Uses; Together with 
the Occurnrnec and Uses of Namral (Jas. Edited chiefly from the 
German of Prof. Mnns Hotfer and Dr. Alexander Veilh, by Wm, 
T. BiLANNT, Illustrated by 3 Flutes and 284 Engravings. 743 pp. 
Svo, ^7.50 
BRANNT. — A Practical Treatise on the Manufacture of Vine- 
gar and Acetates, Cider, and Fruit- Wines : 
Preservation of Fruiis and Vegetables by Canning and Evaporation; 
Preparation of Fruit- Butters, Jellies, Marmatadcs. Catchups, Pickles, 
MuKtard-i, cic. Edited from various sources. By William T. 
BrAN^ST. Illustrated by 79 Engravings, 479 pp. Svo, f6.0D 

BRANNT.— The Metal Worker's Handy-Book of Receipts 
and Processes : 
lieing a Collection of Chemicail Formulas nnd Practical Manipuln- 
tion-i for the workin.g of all Metals; including the Dccoraliait and 
Beautifying of Articles Manufactured therefrom, as well as their 
Preservation. Edited from various sources. By WiLLIAM T. 
£bannt. Illustrated, \3xaxi. 
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DEITE "A Piactiical TieatUe on the Manufactuie al Per- 
fumery ; 

Comprisiiig directions Tor mikifio all ttinfJs of Perfumes, Hiichtf 
Powflei's, Fuinigatmii; MaterialSj Derturrices, Cosineiics, etc., with a 
full account ijf tbe Yulaiile Oils, Ualsains, Kesintf, ami other N.ittiral 
and Anificial Pdrfiime-suhstunce^, jnciuiling the Mtinmfucture pf 
Fiutt Ethers, and tests of their purity. By Dr. C. Dklte, assisted 
by L. BuRCHEKT, F. Eichb.a.lim. E, Ki'ui-f^r, H. Toefpner, and 
other experts, from the German, by Wm. T. BraNNT, aS Etlpfav- 
jHgs. 35S pages. 8vo. 

.OWARDS. — American Marine Engineer, Theoretical anL 
Practical : 

Witli lL\.iirples of the latest and most approved American Praclice. 

By Kmiikv Edwaruei. 85 illuslmtiotis. i2mo- , . 4z-5o 

EDWARDS— Qc» Examination Questions and Answers; 

Fqt Enginctir^^ and Firemen (Land aiifl Marine) who desire to ob- 
tnin a United States Government or State License. Pocket -hook 
form, gilt edge . * ■ $^-5^ 

PLEM MING, —Practical Tanning. 

By LuLTis A. Flemming, a.n American Practical Tanner. 40D pages. 
8vo. ( In press fur early publicaiioii.) .... $^.aO 

Pt>SSEL.T.-~The Jacquard Machine Analysed and Explained : 

With Apiicrtil'S oil the IVep^ir.iIioii of laccjnard CanJs, and 
Practical t-iinis to Learners cf JacquatLl Designing. By E. A, 
PossF.LT. With 330 Lllustrations and uiimieroua fii.igranis. J27 pp. 
4iu 83.00 

POSSELT,— The Structure of Fibres, Varos and Fabrics: 
Being a Fraciical 'I'realise for ihe Use of all Person-, Employed m 
the Manufacture of Testile Fabrics, cuntaining a Description oF the 
Growth and Manipniatici n of Cotton, Wool, Wofsted, Silk flan. 
Jute, Ramie, China Gniss and Hemp, and Dealing with all M?nu- 
factQTcis' Calculaiions for Every Class of Material, also Giving 
Minute Details for the Structure of all kitid-S of Textile Fabrics, and 
an Appendix of Arilhmeix, specially adapted for Textile Purposes. 
By E. A. FossELT. Over 400 Illustrations, quarto. . IJ-do 

Rich, — Ar^stic Horse. shoeing-; 

A Practical and Scienijrtc Treaiise, givirg Improved Meihoda of 
Shocirifj, with Special Directions for Shaping .Shoe^i Cure Dififcreiit 
Disenses of the Foot, and for llie Correction of Faulty Acliun in 
Triitiers. By George E, Rick. £3 lUust rations. 153 pages 

I lama. • . |l,CKl 



--•>-iT ZLiTt jx:xa & odl^ catalogue: 



xiTiz r.:"-^-:i:^ xtert Time K.^-*-tmt\ mi ^ ftom the 

"iTiigiisa: jri; .-t" 'Wtt'c srme iT c<; Mail jJ-^ Fagii^s. 

I_ ::r I^iarx iroa. 2=1 znr^ lima. . . $t.oo 

.-I. sx' .jecKi^si. acT-pngts. i^a. . , ^1.00 

r-". rii.-ic=L-Ma sr-s jmp%. txmo. , , $tjx» 
UCaARDSOIC— PEK^a: Honatacr: 

f<s^ < r:.>_-K=i.-iz :£ Ar3=cs re H^nedkaeine ■ al iti ftandwA 
v^<m '^-rs MCXesTS'i rmtE :3k 1-3 =ae in tSw TTl'^wm of "1 he 
= .rrij^Lt- tui Witt-wr^pc" ecc Cccrdea and edited M. T. 

•-ir^ij^^.jt. 17X O a arr xjrpv. 

ftOPER- — lasiruja oe a sad Sogc^sbooa ior Engmecn and 

ROPER.— Tbe S«aTa BoCcr: Its Care and Managcmeitt: 

£'5 SrzzHiN R::£X. E^^-c«r. 1 2iKk, tack, ^ edges. ^2X0 

ROPER. — Yocsf EasinecT's Own Book; 

C:z.--z:zz i= ft-' --.t^-- ih< Pniscipie aod Theories on irhidi 
ihe rsi^a:^ E-^.-; li- x Fri=ic M^ver is Bued. Br Stefuen Ropes. 
Er^^ssr i6o :lI-.isC7aii?ci. 363 pogCi. tsck . $2.50 

ROSE. — Modem Steam-Bngines: 
.\= F'-»T-,^--T-T Trciuse cprs dte SteaD-d^ne, wiittoi in naia 
: for to AVoixsbop as weD as fa tte Dimiring Office. 
Ginr.^ F'^'-I Ex;liiud'3=> of :he Coastractioa of Slodetn Stean> 
Eii^«: laclsiisg Diagrams showii^iheirAcCDalopentian. To> 
gether v:ib. Comp'.Me h-^ Simple Explanations of tte oneTitioaB of 
Various Kif.c^ of V^ves, Vajve Motions, aod Unk Motioiis, etc, 
thereby Enab'-ing the Ordinary Engineer to deailj Uodeistand the 
Principles Involved in their Constnicd<H) and Use, and to Plot oat 
their Movemenu npon the Drawing Board. By JosHDA RosB. H. E. 
Dlostrated by 422 engravings. Rensed. 358 pp. . . f6jOO 

ROSE.— Steam Boilers: 

A Practical Treatise on B<.ilerConstniciion and Examination, f<rthe 
Use or Practical Boiler Makers, Boiler Useis, and laspectors ; and 
embracing in plain figures all the calculukms necessary in Designing 
or Classifying Steam Boilers. By Joshua R06B, M. E. lUasbated 
by 73 engravings. 230 pages, ovo. .... f2>$0 

dCHRIBER. — The Complete Carriage and Wagon Painter ; 
A Concise Compendium of the Art of I^inting Carriages, Wagon% 
and Sleighs, embracing Full Directions in all the Varioos &ancbes, 
including Lettering, Scrolling, i^nianienting, Stri^ng, Varnishing, 
and Coloring, with numerous Redpes for Mixing Coins. 73 Illos- 
tiatJOM, 177 pp. i2mo. $tJOP 
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